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S (*0 ™« TOERAPEUnC AND DIAGNOSHC COMPOUNDS. COMPOSmONS, AND MBIHODS 

(57) Abstract: The invention provides a complex apprising a) a com- 
pound fonnnla I: wherein R|, X and n have any of the valoes described in 
t the^q)eci6cat)on, or a pbarmacentically acceptable salt tfaoeof; and b) a 
radionodide. The comi^exes are tisefnl as diagnostic treats and as ther. 
^nticagrats. The invention also provides methods and intennediates 

osefiil for preparing die complexes of the inventi<Hi, as wen as dietapeutic 
and dit^nostic methods. 
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THERAPEUTIC AND DUGNOSTIC COMPOUNDS, 
COMPOSITIONS, AND METHODS 

Background of the faveiytm^ 

5 "I^e invasive growth ofcancer cells into bone tissues oaen results 

in severe pain syndromes and may ultimately result in death. Ionizing radiation 
has beenmsed to achieve a reduction in pain. In particular, external radiation 
therapy has been applied in cases where bone pain is restricted to focal areas. 
For disseminated bone metastases, however, a treatment which focuses the 
10 radiation dose to bone tissue and particularly to bone metastases is desirable. 

Prior to therapy it is necessary to obtain reliable diagnostic 
information and to this end several approaches have been tried. An approach 
that has been the subject of a number of patents, for example, U.S. PaL No. 
3,974,268 to Subramanian et al., involves the use of a technetium-99m 
15 diphosphonate complex as a skeletal imaging agent This qjproach utilizes a 
diphosphonate as both the bone-seeking agent and the complexing agent for the 
radionuclide. Such an approach has at least three maior disadvantages. First, by 
involving the brae-seeking agent in the complexation of the metal radionuclide, 
the ability of the agent to direct, or "target," the radionucUde to the desired site 
20 may be diminished. Second, because diphosphonate salts or chelates are known 
to form polymers, a preparation of diphosphonates and radionuclides typically 
includes multiple fonms of diphosphonate-radionucUde complexes which have 
diiEfering charge and uptake properties. Third, the complex formed between a 
diphosphonate and a radionuclide is not of optimal stability which may 
25 necessitate purification of the diphosphonate complex prior to use. Further, evoi 
a purified diphosphonate complex may lose the radionuclide during its use. 

U.S. Patent No. 4,853,209, is directed to the use of Sm-153, 
Gd-159, or Ho-166 complexed with a ligand selected fiom 
ethylenediaminetetramethylene-phosphonic aci<yEDTMP), diethylenetriamine- 
30 pentamethylenephosphonicacid(DTPMP),hydroxyethylethylenediamine- 
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trimethylenepho^honic acid (HEEDTMPX mtrilotriniethylenephoq)hoiiic acid 
(NTMP), and tris(2-amiiioetiiyl)amiiidiexametMenq>h<>sphom^ acid (TTHMP), 
to suppress bone mairow growth. 

U.S. Patent No. 4,882,142. is directed to a mediod for the 

5 siq)pressionofbone mairow and to a composition for use in the method. The 

method comprises administering a bone nuuTOw sivpressing amount of at least 
one composition comprised of a radionuclide Sm-153, Gd-159, or Ho-166, 

completed with l,4,7,10.tetraazacyclododecanemethylenq)hosphonic acid as the 
macrocyclic chelating moi^. 

^® U.S. Patent No. 5,059,412 is directed to compositions comprising 

a particle emitting ladionucUde complexed with a macrocyclic aminophosphonic 
add, wherein the nitrogen and phosphorous are interconnected by an allcyleae 
groiq>. 

U.S. Patent Nos. 532, 1 09 and 5,089,249 are directed to 
15 <»njugates formed fix)m calcified tissue targeting agents and radiolabeled 
compounds. One conjugate comprises a chelate and a targeting agent that is 
capable of associating with calcified tissue, wherein the chelate contains at feast 

onenitrogenatomorat leastonesulfiiratom, oracombination thereof: 

fii spite of the above disclosures, a continuing need exists for 
20 ther!q>eutic and diagnostic agents that are useful for bone maii^ 

cancer therapy, treating bone pain, and as diagnostic agents. Preferred agents 
may possess improved stability, improved uptake in bone, or improved retoition 
in bone. 



^ Summary of fee Inventint^ 

Applicant has discovered a group of structurally distinct 
radionucKde complexes that target bone, and thus, are usefiil as diagnostic (e.g.. 
imaging) agents and as thenq,eutic agents (e.g., for bone marrow suR^ ' 
cancer thers^y, treatmg bone pain, or treating other bone related diseases). 

30 Accordingly, the invention provides a complersfthe invention comprising: 
a) conq)ound of formula I: 
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each R, is indepoidently hydiogoi or (C,-C4)alk)1» optionally 
substituted with caiboxy <COOH); 

eadi X is independently (CH2X, or 




and each n is independently 2, 3, or 4; 

wherein die compound of formula I is substituted on one or more 
(e.g. 1, 2, 3, or 4 ) carb(Mis odier than acailxm of R, with one or more (e.g., 1, 2, 
10 3, or 4) groups wYiPOjHj)^; whetein Y is a linker group; and m is 1, 2, 3, 4, 5, 
or 6; or a pharmaceutically accq>table salt them)^ and 
b) a detectable or tfaerqieutic radionuclide. 

The invention also provides a method for detecting the presoice 
or absence of a calcified tissue target site within a ma mm al, cominising: 
15 administering to the mammal a d^ectable dose of a ccMmplex of &e inventioi^ 

and detecting the comimund in the mammal to diamine die presence <m: absoice 
ofthe target ate. 

The invention also provides a ther^utic method for treating a 
bone related disease in a mammal in need of such thorapy conq>rising 
20 administering to tte mammal, an ^ective amount of a conqilex of the invention 
c<xiq)ri»ng a tho-qieutic radionuclide. 
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The invention also provides a therapeutic method for suppresang 
bone manow m a mammal in need of such therapy comprising administering to 

the mammal, an effective bone marrow suppressing amount of a complex of the 
invmtioii comprising a diaq>eutic radionuclide. 

5 The invention also provides a therapeutic method for treating 

cancer in a mammal in need of such therapy comprising administering to the 
mammal, an effective amount of a complex of die invention comprising a 
then^tic radionuclide. 

The invention also provides a therapeutic method for treating 

10 bonepaininamanmidinneedofsuchtherapycomprisingadministeringtothe 
mammal, an effective amount of a complex of the invention comprising a 
thoapoitic radionuclide. 

The invention also provides a pharmaceutical composition 
comprising a complex of the invention and a pharmaceutically accq>table carrier. 

"^^"^vention also provides a complex offlie invention for use in 
medical ^empy or diagnosis. 

The invoition also provides the use of a complex of the invation 
to prepare a medicament useful for suppressing bone marrow in a ihammal, for 
treating cancer in a mammal, for tiieating bone pain in a mammal, or for treating 
20 a bone related disease in a mammal. 

The invaition also provides intermediates useful for preparing 
complexes of die invention (e.g.. compounds of formula 1). as weU as processes 
useful for preparing complexes of the invention and for pr^^uning compounds of 
formula! 

The present invention also provides compositions comprising a 
complex of the invention combined witii an effective stabilizing amount of 
ascorbic acid or othw stabilizing agent (e.g. gentisic acid) buffered to pH 7-8, as 
wellasmethodsforpreparingtiiecompositions. TTie ascorbic acid maintains the 
radionuclide complex stabihty and reduces the amount of free radionucKde 
delivered «iWvo. For example, ascorbic acid may be present in the unit dosage 
forms useful in the practice of die present invention at about 35-75 mg/ml of 
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compositioii. Stabilizatira unexpectedly inWbitsradolyticd^grada^ 
complexes, and thus allows distribution to ho^itals at high levels of purity, with 
hi^ levels of the radionuclide. 

Brief Descri ption of the fi f^n^ 
J illustrates rq>resaitative c(Hiq)ounds of formula (Q 

FIG. 2 illustrates representative compounds of formula (0 
*FIG. 3 illustrates represoitative compounds of formula (I) 

FIG. 4-9 illustrate the synthesis of representative compounds of 
formula (l), and intermediates aiseful for preparing 
c(Mnpounds of f(»mula (I). 



Detailed Description 
The following definitions are used, unless otherwise described: 
15 halo is fluoro, chloro. bromo. or iodo. AlkyI denotes both straight and branched 
groups; but reference to an individual radical such as "propyT embraces only the 
straight chain radical, a branched chain isomer such as "isopropyl" being 
q)ecifically referred to. Aryl denotes a phenyl radical or an ortho-fused bicyclic 
carbocycUc radical having about nine to tra ring atoms in which at least one ring 
20 isarcmiatic. 

It will be appreciated by those skilled in the art that compounds of 
the invention having a chiral centw may exist in and be isolated in optically 

active and ractanic forms. Some compounds may exhibit polymorphism. It is to 
be understood that tiie present invention encon^asses any racemic, opticaUy- 
active, polymorphic, or stereoisomeric form, or mixtures tiiereo^ of a compound 
of the invention, which possess the useful properties described herein, it being 
weU known in tiie art how to prepare opticaUy active forms (for example, by 
resolution of tiie racemic form by recrystallization techniques, by syntiiesis fiom 
optically-active starting materials, by chiral syntiiesis, or by chromatogr^hic 
30 sq)aration using a chiral stationary phase); 
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The tem "bone marrow restoration" includes partial or complete 
regeneration or augmentation of the bone manow by marrow transplantation or 
stem cell tian^Iantation and/or stimulation of bone manow regenoation by 
administration of growth factors such as cytokines, glycoproteins and the like. 
5 The term *1)one marrow tranq»lant (BMT)'* includes autologous, 

allogenic, xenogenic marrow transplantation and stem cell transplantation. 

The terai ^'calcified tissue" inchides bone as well as oUier tissue 
that ma^r be undergoing pathological calcificatioa 

The torn **disease" includes pathologies and deleterious 
10 conditions, such as inflanunatory responses and genetic disorders. 

The term ''manunal" means a warm blooded mammal, including 
humans, and is meant to encompass mammals in need of bone marrow 
siqiprcssion, especiaUy humans; thus in some instances the term ••patient" or 
••subject" is altonatively used for mammaL 

The term ••suppressing bone marrow** includes partial or 
essentially total eradication (ablation or myeloablation) of tin bone marrow, in 
particular, a temporary or pemianent reduction of the hemopoietic stem ceU 
populaticm. 

The present complexes and methods can also be employed to treat 

20 Pa<hologiesoflierthancancerassociatedwith(atornear)mammaUanbone,that 
can be ameUorated by partial bone marrow suppression or by complete bone 

marrowablationfoUowedbybonemanowtransplantation. Thus, the term •'bone 
related diseases" includes but is not limited to. immunological disorders such as 
autoimmune diseases, e.g., Crohn's disease, rheumatoid arthritis or multiple 
25 sclerosis; metaboHc diseases, such as osteoporosis or osteopenia; infections and 
infectious disease, inflammatory diseases such as osteomyelitis or Paget*s 
disease; hematopoietic disorders, and conditions treatable with stem ceU 
transplantation, with or without gene therapy, diat utilize bone marrow abhition, 
such as sickle ceU anemia and lysosomal and peroxisomal storage diseases 

30 
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Complexes 

Topically, the radiomiclide complex is taken up preferentially by 
bone so that it is possible to deliver a bone manow suppressing dose of radiation 
to the bone manow. The radionucUde also should be cleared rapidly from the 

5 blood. The radiation exposure is reported using the Grey scale (Gy). The 
amount of radioactivity required to deliver a dteiied dose to manow can be 
detennined using a diagnostic dose of about 1200-2000 MBq (about 30 mCi to 
about S^md) of the radionuclide/ligand. A determination of the doses of 
radiation deKvered by the present complexes can be made using the 

10 methodologies of Bardies, M. and M. Myers (1996); •t:k)mputational methods in 
radionuclide dosimetry." Phvsics in M«Krii e and Biolngy 41 ♦ 1941-1955; 
Bayoufli, J. (1993); A Dosimetric Study of RadionucUde Ther^y for Bone 
Marrow Ablation. Radiation PhvsiV« Houston. University of Texas - Houston 
Graduate School of Biomedical Science: lll;Beddoe, A.H.,P. J.Darley.gia/. 

15 (1976); "Measurements of trabecular bone structure in man." Phvsics in 
Medicine & Biology 21(4): 589-607; Bigler, R. and H. Woodard (1976); 
"Skeletal Distribution of Mineralized Bone Tissue in Humans." Healdi Phvsics 
31(9): 213-218; Champlin,R. and R. Gale (1987); ''Bone marrow tranq>lantation 
for acute leukemia: recent advances and comparison with alternative therapies." 

20 Semin.Hematol 24: 55-67; Chanq)lin, R. E. and R. P. Gale (1984); "Role of 
bone marrow transplantation in die treatinent of hematologic maUgnancies and 
solid tumors: critical review of syngeneic, autologous, and aUogeneic 
tiarMq[)lants." Qiffcer Treatment RqKwt^ 68(1): 145-61; Eckerroan, K. and M 
StaMn (1994); 'Ttose conversion factors for marrow and bone by skeletal 
25 regions; "Journal of Nuclear Mfldicine(35): 112P; Hiu, T. E. and J. W. Poston 
A model of the circulating hlond for use in r»Ai»^ ^n dose calailatf nT.^ 

Proceedings of International Conference on Radiation Dosimetry and Safety, 
Taipei, Taiwan, American Nuclear Society; LCJLP (1973). Report of the task 
RTQup or^ reference man: anattmiicaL phvsiolnfrir. al and metahoUc characten> firg 
30 New Yoric, Pergamon Press; Loevin^, R. L.,* F. Budingw, et al. (1991); 
MIRD Prinier for Absorbed Dose Calcularinns New Yoric, Society of Nuclear 
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Medicine; Spieis, F. W., A. H. Beddoe, et al. (1981). T4ean skeletal dose factors 
for beta-particle emittos in human bone. Part E: 5ur£kce-seddng radionuclides.'* 
gyitish Jourq^ of Radiology 54(642): 500-4; Thomas, S. R., M G. Stabin. et al. 
(1992); "h/nSD Pamphlet No. 14: a dynamic urinary bladder model for radiation 
5 dose calculations [published erratum appears in J. Nucl. Med. 1994 
Jan;35(l):731." Journal of Nuclear Meriirini. -ki^k^- hh-xjum 

U is important that the half-life of the complexed radionuclides be 
Sttffideatly long to allow for localization of the complex in the bone tissue, 
while still retaining sufficient radioactivity to accomplish bone marrow 
10 suppression or eradication. Generally, it is preferred to use a radionuclide 
complex that results in rapid biolocalization of the radionuclide in the bone 
tissue so as to achieve bone manow irradiation quickly. It is also beneficial to 
use a radionuclide having sufficient 1^ energy, while having a relatively short 
half-life so that after bone marrow irradiation is achieved, it is possible to 
1 5 proceed with bone marrow or stem cell transplantation as soon as possible, in 
order to enhance the prospects of bone marrow engrafiment and patient recovery. 

Detec^Ie w flia;!q)eutic radionuclides 0.e., radioisotopes or 
paramagnetic atoms) suitable for incorporation in the complexes of the invention 
include Antimony-124, Antimony-125, Arsenic-74, Arsenic-77, Baiium-103, 
20 Barium-140, BerylUum-7, Bismuth-206, Bismuth-207, Bismuth-212, Cadmium- 

109, Cadmium-115m, Calcium-45, Cerium-139, Cerium-141, Cerium-144, 
Cesium-137, Chromium-Sl, CobaltrSS, Cobalt-5$, Cobalt-57, Cobalt-58, 
Cobalt-60, Cobalt-64, Copper-67. Erbium-169, Europium-152, Gallium-64, 
Gallium-68, Gadolinium-153, Gadolinium-157 Gadolinium-159, Gold-19S, 

25 Gold-198,Gold-199,Hafiiiura-175,Hafiuum-175-181,Hohnium-166,Ihdium- 

1 10, Indium-1 1 1, Iridium-192, Iron-55, Iron-59, Krypton-85, Lead-203, Lead- 
210, Lutetium-177, Manganese-54, Mercury.197, Mercuiy-203, Molybdenum- 
99, Neodymium-147, Neptunium-237, Nickel-63, Niobium:95, 08mium-185 + 
191, Osmium-193, Palladium-103, Platinum-195m, Praseodymium-143, 

30 Prometfaium-147, Promethium-149, Protactimwn-233, Radium-226, Rhenium- 
186, Rhaiium-188, Rubidium-86, Ruthenium-97, Ruthenium-103, Ruthenium- 

8 
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105, Ruthemuin-106, Samarium-153, Scandiiun-44, Scandium-46. Seleiiium-75, 
Sihrer-l IQm, Sflver-l 1 1, Sodium.22. Strontium-SS. Stiontium-89. Stroiitium-90, 
Sulfur-35, Tantaliim-182. Tedmetium.99m, TeUurimiiwl25, TeUurium-132, 
Thallittm-204. Thorium-200, niorium-228, Thoriuin-232. Thallium-170. Tin- 
5 1 13. Tin-IH, Tin-l 17m, Titaniiim-44, Tungsten- 185, Vanadium.48. Vanadium- 
49, Ytterbium-169, Ytteibiimi-175, Yttrium-86, Yttrium-SS, Yttrium-90, 
Yttrium-91, Zuic-65, and Zircomum-95. 

The tenn "detectable radionuclide" includes any suitable metallic 
radionucKde or paramagnetic atom that can be detected in a diagnostic procedwe 
10 in -moot in vitro. 

The term "therapeutic radionuclide** inchides any metallic 
radionucUde that is suitable to provide a therapeutic effect (eg., bone manow 
suppression or ablation, reducing bone pain, treating bone cancer, or treating a 
bone related disease), in a mammal. Such radionucUdes should be capable of 
15 delivering a high enough localized ionization density to achieve a desired 

therapeutic result (e.g., alleviate pain, inhibit tumor growth, cause regression of a 
tumw, and/or destroy a tum<»). 

Radionuclides suitable for bone marrow suppression typically 
exhftit ^ energy >0,5 MeV, preferably >1 MeV with an effective half-Ufe of 
20 about < 5 days, preferably < 3 days. C«tain radionuclides such as Strt)ntium-89 
have been demonstrated, when selectively deposited in bone, to suppress bone 
_ marrow. [See, for example, Y. Shibata et al., J. Leukocyte Biol. 38(6), 659-669 
(Dec 1985).] However, this compound is not clinically useful for bone marrow 
replacemait since the long half-Mfe of Strontium-89 (50 days) prevents 
25 transplantation oftheriew marrow for an unacceptable time. 

The term "amino acid," comprises flje residues of the natural 
amino acids (e,g., Ala, Arg, Asn, Asp, Cys, Glu, Gin. Gly, His. Hyl, Hyp. Be. 
Leu, Lys, Met, Phe, Pro, Ser, Ito, Trp, Tyr, and Val) in D or L form, as weU as 
unnatural amino acids (e.g., phosphoserine. phosphothreonine, phoq,hotyrosine, 
30 hydroxyproIine,ganmM-carboxyglutamate;hippMicacid,octahydroindoIe^^^ 
carboxyHcacid,statine, lA3,4,-tetrahydroisoquinoline-3.carboxylicacid. 
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penidllamuie, omiOune, citniline, a-metfayl-alaiime, para-hmzoylphenylalafilnp^ 
phen)4glycme, propaigylglycine, sarcosine* and teit-butylglycine). The tenn also 
coiiq>iises natural and unnatural amino adds bearing a convoitional amino 
protecting group (e.g., acet)d or benzyloxycarbon)1), as well as natural and 
5 unnatural amino acids protected at the carfooxy tenninus (e.g., as a (C,-C4)alkyl, 
phenyl or boizyl ester or amide). CMfao- suitable amino and caiboxy protecting 
groups are known to those sIdUed in the art (See for example, T.W. Greene, 
Protectkig Groups In Organic Synthesis, 2nd edition; Wiley: New York, 1991, 
and refoences cited Oerein). Has torn non-lq>ophilic amino acid comprises the 

10 natural amino acids Gly, Ser, Thr, Cys, Met, Asn, Ghi, Tyr, Lys, Arg, His, Asp, 
and Glu in D and L fonns, as well as unnatural amino acids of comparable 
degree of hydrophilicity->i.e^ those lacking a hydrophobic side chain. An amino 
acid can be linked to the ronainder of a con^und of fcxmula I throu^ the 
carfooTQr tenninus, die amino terminus, or through any other convCTient point of 

15 attachment, such as, for example, through the sulfur of cysteine. The. tenn 
amino acid also conq)rises natural and unnatural amino acids substituted on 
nitrogen with (C,-C,c)alk^ 

the term "sacduuide** mcludes monosaccharides, disacdiarides, 
trisacdiarides and polysaccharides. The term inchides gjucose, sucrose fructose 
20 and ribose, as well as deoxy sugars such as deoxyribose and the like. Saccharide 
derivatives can conveniently be prqiared as described in Ihtemational Patoit 
Applications Publication Numbers WO 96/34005 and 97/03995. A saccharide 
can conveniently be linked to the remainder of a compound of formula I through 
andherbond. 

25 The teem "peptide" desoibes a sequoice of 2 to 25 amino acids 

(e.g., as defined hereinabove) or pq)tidyl residues. The sequence may be linear 
or cyclic. For example, a cyclic peptide can be prepared or may result from the 
formaticm of disulfide bridges between two cysteine residues in a sequence. A 
pq>tide can be linked to the rraiaindo: of a compound of formula Iduough die 

30 caiboxy terminus, the amino termmus, or through any other convenient point of 
attachment, such as, for example, throu^ the sulfur of a cysteine. Preferably a 

10 
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peptide comprises 3 to 25, or 5 to 21 amino adds. Peptide derivatives can be 
prepared as disclosed in U.S. Patent Numbers 4.512^02; 4,853,371; and 
4,684,620, or as described in the Examples hereinbelow. Peptide sequences 
specifically recited herein are written with the amino temiinus on the left and the 
5 caiboxy tenninus on the right Preferred peptides comprise primarily non- 
lipophilic amino acid residues (e.g., Gly, Ser, Thr. Cys, Met. Asn, Gto, Tyr, Lys, 
Aig, His, Asp, and Glu). Preferred pq>tides comprise one or more amino adds 
substituJed on nitrogen with (C,-C,o)alkyl. 

For the diagnostic methods of the invention, the complexes of the 
10 invention can be detected using any imaging technique known in the art that is 
suitable for detecting the metal in the complex. Suitable imaging techniques for 
detecting complexes of the mvention inchide PET, SPECT, and MRI. 

The complexes of the invention are particularly useful for treating 
primary tumors, where the skeletal system is the first site of involvement, 
15 invasive tumors where the primary tumor invades the skeletal system or other 
tissue tumors which calcify, and metastatic bone cancer where a neoplasm 
spreads fiom other primary sites, e.g., prostate or breast, into the skeletal system. 

The structure of the linker group Y is not critical, provided the 
complex of the invention comprising the linker group is suitable for its intended 
20 use as an imaging agent or as a therapeutic agent, and provided the linker group 
can be substituted with phosphono groups as provided for in the confounds of 
fomiula 1. Therapeutic complexes comprising the linker group shouki be 
suitably stable and suitably non-toxic to aUow for the complex to be 
admim'stered to a mammal. 

Specific and prefenred values hsted below for radicals, 
substituents, and ranges, are for iUustration only, they do not exclude other 
defined values or other values within defined ranges for the radicals and 
substituents. 

SpecificaUy, (C,-C,o)alkyl can be methyl, ethyl, propyl, isopropyl, 
30 butyl, iso-butyl, seo-butyl, pentyl. 3-pentyl, hejQi heptyl, octyl. nonyl, or dccyl; 
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(CpC^lkyi can be methyl, ethyl, propyl, isopropyl, butyl, iso-bulyl, or sec- 
butyl; and aiyl can be phenyl, indenyl, or naphtfayl. 

A specific value for R' is (Ct-CJalkyi, substituted with caiboxy. 

Another specific value for R, is caiboxymethyl or 2- 

5 caiboxyethyl. 

A q>ecific vahie for n is 2 <M- 3. 

Specifically, the linker group can separate the phosphono groups 
fiom the remainder of a coi^und of fonnula (I) by about 5 angstroms to about 
100 angstroms. More specifically, the linker group can separate the phosphono 

10 groups fiomtheremainderofacompoundoffoimulaCObyaboutlOangstroms 
to about 50 angstroms. 

SpecificaUy, the linker group can be an amino acid, a peptide, a 

saccharide, or a divalOTt (C,<:,o)aIkyi chain, optionally comprising one or more 
(e.g.. 1, 2, 3, or 4) non-peroxide oxy (-O), .N(Rj)-, or divalent aiyl within the 
15 chain or at the temiinus of the chain, which chain is optionally substituted on 
carbon with one or more (e.g.. 1. 2, 3, or 4) oxo (=0), thioxo (=S). or hydroxy, 
wherein R^ is hydrogen iar (C,-C4)alkyL 

Specifically, when the linker group is apeptide. it can comprise 
fimn 2 to about 25 amino acids residues. 
20 Specifically, the linker group can be a divalent (C,-C,o)alkyl 

Cham, comprising one or more (e g., 1, 2, 3, or 4) noninaoxide oxy (-0-); - 

_ N(RJ., or divalent atyl within the chain or at the tcminusofthe chain, which 
chain is optionaUy substituted on carbon with one or more (e.g.. 1 , 2, 3, or 4) oxo 

(=0), thioxo (=S), or hydroxy, wherein Rj is hydrogen or (C-CJalkyL 
25 Specifirally, the linker group can be a divalent (C,-C,o)alkyl 

chain, optionally comprising one or more (e.g., 1 . 2. 3, or 4) non-peroxide oxy (- 
0-), -NOg-, or divalent aiyl within the chain or at the temiinus of the chain, 
which chain is sutetituted on caibon with one w more (eg., 1 , 2, 3, or 4) oxo 
(=0), thioxo (=S), or hydroxy, wheremRj is hydrogen t»(C,-C4)alkyl. 
30 SpecificaUy, the linker group caftbe a divalent (C,-C,o)alkyl chain 

conqwising one or more (e.g., 1, 2. 3, or 4) non-p«oxide oxy (^). .N(R^, or 
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divalent aryl within the chain or at the terminus of the diain, which chain is 
substituted on caifoon with one or more (e.g., 1, 2, 3» or 4) oxo (=0), thioxo (=S), 
or hydroxy, whcran is hydrogen or (C,-CJalkyi. • 

Specifically, Ae group -Y(P0,H2)„ can be 4.[2-(Bis- 
.5 I*osphonomethyl-amino>acety!aniino].ben2yl;4.[4-(Bis-phosphonomethy^^ 
carbamoyl).butyiylamino>benzyl; 4K33-Bis-phosphono-propionyiamino)- 
benqrl;4-[4-(3-hydn)xy^3,3-bis-phosphono-propylcaibamoyi>butyryI^ 
benzyl;4-(3-[2^isiihosphonomethyI-amino>acetylamino]-2-{[2-{bis- 
phosphonomethyl.amino>acetylamino]-methyl}.prDpionylamino)-ben2yl; 4^4- 
10 {Bis-[(bis-phosphonomethylKarbamoyI).methyi)s;arbamoyi}.butyiylamino)- 
benzyl; 4-{3-(3,3.Bis-phosphono.propionylamino>.2-[(3,3-bisi)hosphono- 
pn)pionylamino)-meAyl].(propioiiylamino}-benzyI; 4<4-{Bis-[(3-hydioxy.3^. 
bis.phosphonoim)pylcarbamoyI).methyi]^»tfbamoyl}-butyryl^^ 4, 
{4.((Bis-phosphono-methyi)-caibamoyl]-butyiylamino}-ben2yl; or4-[4^is- 

15 {[(bis-phosphono-methyl)K^amoyl].methyi}-cari)amoyl).butyiylamhw^ 
benzyl. 

A specific complex of the invention is a complex wherein the 
compound of formula 0) is a compound of formula 0; 



20 



V(CHjX. 

I 

(CH2X.— N 



^' \ 



wherein: 



each R, is independently hydrogen or (C.^^alkyl. optionaUy 
substituted with caiboxy (COOH); and each n is«dependently 2. 3, or 4; 
wherein die compound of formula (JT) is substituted on one or more (e.g. 1, 2. 3, 
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10 



or 4) carbons other than a carbon of R, with one or more (e.g., 1, 2, 3, or 4) 

groups -YCPOjHa,; whown Y is a linker groiv; and m is 1, 2, 3, 4, 5. or 6; or a 
pharmaceutically acceptable salt thereof. 

Another specific complex of the invention is a complex wherein 
the compound of formula I is a compound of formula III: 

^n^R, 

m 

wherein each R, is independently hydrogen or (C,-C4)alkyi, optionally 
substituted with carboxy (COOH); and wherein the ring is substituted on carbon 
with one or more (e.g., 1 . 2, 3. or 4) groups -Y(POfi^ wherein Y is a linkw 
group; and m is 1, 2. 3, 4, 5, or 6. 

Another specific complex of the invention is a complex wherein 
the compound of formula (I) is a compound of formula (IV): 




A 
(IV) 



whorein: 

. each R, is independently hydrogen or (C,-C4)alkyl, optionally 
substituted with carboxy (COOH); and each n is indq>endently 2, 3, or 4; 
wherein the compound of formula IV is substituted on one or mot« (e.g. 1, 2, 3, 
or 4 ) carbons other than a carbon of R, with one^r more (e.g., 1, 2, 3, or 4) 
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groups -YCPOjHj)^; wherein Y is a linker group; and m is 1, 2. 3, 4, 5, or 6; or a 
phannaceutically accq>table salt theieo£ 

Another specific complex of the invention is a complex 
comprising a compound of fimnula (I), (II). (HI), or (IV) as described herein, 
5 wherein each R, is independenUy(C,-C,)alkyI. substituted with carboxy • 
(COOH); which compound is substituted with a group -YCPOjHjX,; wherein Y is 
a linker group; and m is 1, 2, 3, 4, 5, or 6. 

^ A specific ccm^lex of the invention is a complex which 
comprises a detectable radirauclide. 

A specific complex of the invention is a complex which 
comprises a therapeutic radionuclide. 

A specific detectable radionuclide is Technetium-99m, 
Ruthenium-97, Indium-l 1 1 , GalUuni-67 or -68. or Lead.203. 

A specific therapeutic radionuclide is Gadolinium-159, Hohnium- 
15 166* Lutetium.177, Samarium.153, Yttrimn.90*. Ytterbium.175, Rhenium- 
186* or -188*, Copper-64 or -67. Gold.198 or -199, Bismuth.212, Scandium^W, 
-47. or -48, Gallimn-72 or -73, Ruthenium-97. Palladium-100 or -109, Rhodium- 
101m or -105, Rhenium-189. Radium-212. or Lead-212 

SpedGc radionucUdes suitable for bone marrow suppression are 
20 Aisenic.77,Molybdemim-99,Ruthenium-105,Lutetium-177,Cadmium-115, 
Antimony-122, Promethium-149, Osniium-193, Gold-198, or Thorium-200. A 
more specific radionuclide suitable for bone marrow suppression is Samarium- 
153. Yttrium-90, Gadolinium-159. Rhenium-186 or-188, or Hohnium-166. A 

prefenned radionuclide for bone manow suppression is HoUnittm-166, which 
25 emitshigh energy betaj^cles andhnageablegammaiadiation (SOKeV. 6%) 
and exhibits a half-life of 26.8 hr. 

A specific therapeutic radionuclide is HoUnium-166, Yttrium-90, 
Samarium-153, or GadoIimum-159. 

A more specific therapeutic radionuclide is Hohnium-166. 

P«>cesses and intermediates us^ for pfq)aring confounds of 
formula I and complexes of the invention are provided as fiirther embodiments 
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of the invention and are illustrated by the following procedures in which the 
meanings of the generic radicals are as giv» above unless otherwise qualified. 

Radionuclide Complex Preparation 
5 The radionuclide and the compound of formula I can be combined 

under any conditions that allow the two to form a complex. Generally, mixing in 
water at a controlled pH (the choice of pH is dependent upon die choice of ligand 
and radionuclide) is all that is required for formation of the complex. Following 
complexation, it may be necessaiy to adjust the pH to a level that is suitable for 

10 administration. The complex is typically formed by chelation of the radionuclide 
by an electron donor group or groups, which results in a relatively stable 
radionuclide comply e.g., stable to the disassociation of the radionuclide fix>m 
the ligand. Accordingly, the invmtion provides a method for preparing a 
complex of the invration conqprising reacting a corresponding compound of 

1 5 formula I as described herein with a detectable or th^apeutic radionuclide to 
provide the complex. 

The mvention also provides an mtermediate compound of 

formula I: 



)n--(CH2X, 




(D 

20 wherein: 

each R, is independently hydiogaa or (CfC4)alkyl, q>tionally 
substituted wiOi caiboxy (COOH); 

eadi X is independently (CH2)^r 
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and each n is independently 2, 3, or 4; 

wherein the compound of fonnula I is substituted on one or more 
(e.g. 1, 2, 3, or 4 ) carbons other than a carbon of R, with one or more (e.g., 1 , 2, 
5 3.or4>groups.Y(P03HO„; wherein Y is a linker group; and mis 1.2.3,4,5, 
or 6. Such an intermediate compound of fonnula (I) is useful for preparing a 
complex of the invention. 

The invention also provides an intemiediate compound of 
formula n, m, or IV as described herein. 

A compound of foraiula I that comprises one or more caiboxy 
groups (e.g.. in R,) can convenienUy be prepared by deprotecting a 
corresponding compound wherein the caiboxy groups are protected by a suitable 

caiboxy protecting group (e.g.. as a (C,-C,allqrl) or benzyl ester). Suitable 
protecting groups for carboxy groups as weU as conditions suitable for their 
15 removal are well known in the art For example, see Greene, T.W.; Wutz, 
P.G.M. Protecting Groups In Organic Synthesis" second edition, 1991, New 
York, John Wiley & sons. Inc. ITius, the invention provides a method for 
pr^aring a compound of fomiula I wherein one or more of R, comprises a 
cariwxy group comprising dqirotecting a conesponding compound wherein one 

20 ormoreoftheR,caiboxygroupsareprotectedbyasuitablecart)oxyprotectmg 
group to provide the compound of formula I. 

Accordingly, the invojtion also provides an intennediate 
compound of formula I: 
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1 I 

(CHj)„-jr 

R, 



wherein: 



each R, is independently (C,-C4)alkyl, substituted with COOR; R 
is a suitable caiboxy protecting group (e.g., (C,<:^1 or benzyl); 
each X is independently (CH^ or 




and each n is independently 2, 3, or 4; 

wherem the compound of foimula I is substituted on one or more 
(e-g. 1. 2, 3, or 4 ) carbons other than a caibon of R, with one or more (e.g., 1, 2, 

10 3,or4)groups-Y(PCyiz)„; wherein Visa linker group; and mis 1.2.3, Vs/ 
or6. 

nie invention also provides caiboxy protected mtermediate 
compounds of fonnula m. and IV as described herein wherein each R, is 
independently (C-CJalM, substituted with COOR; R is a suitable carboxy 
15 |)rotecting group (e.g.,(C,-C,)aIkyl or benzyl). 

A compound of formula I that is substituted with one or more 
(e.g.. I.2,3.or4)groups.Y(P03Hj)„canconvenientIybepreparedby 
dq»otecting a corresponding compound that is substituted with one or more 
(e.g.. 1. 2. 3. or 4) groups -Y(PO^X wherein Rjs asuitable pho^honic acid 
20 P«>tectinggroup(e.g.,a(C..C^Oorbenzylester).Sm^^^ 
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10 



IS 



for phospfaonic acid groups as well as conditions suitable for their removal are 
well known in the art Thus, the mvention provides a method for preparing a 
compound of formula I that is substituted with one or more (e.g., 1, 2. 3, or 4) 
groups -YCPOjHz)^ comprising dqwotecting a corresponding compound that is 
substituted with one or more (e.g.. 1, 2. 3, or 4) groups -Y(POjR^ wherein each 
R is a suitable phosphonic acid protecting group(s) (e.g., a (C,^«alkyl) or benzyl 
ester), to provide the conqx>und of fonnula L 

^ The invention also provides an intemiediate compound of 
formula!: 



,K-(CMj). 



!. I 



.N 



\ 
Ri 



CD 



wh^in: 



each R, is independently (C.-Qalkyl. substituted with COOR; R 
is a suitable carboxy protecting group (e.g., (C,-C4)alkyl or benzyl); 
each X is indepoidentiy (CHj), or 




and each n is independently 2, 3, or 4; 
wherein the compound of formula I is substituted on one or more 
(e.& 1. 2, 3. or 4 ) caibons other than a carbon of R, with one or more (e.g., 1, 2, 
20 3,or4)groups.Y(PO,R^„; wherein Visa linker group; each R is a suitable 
protecting group (e.g., (Q-CJalkyl or benzyl); and m is 1, 2, 3, 4. 5. or 6. 
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The invoition also provides phosphono protected intomediate 
compounds of fonnula II, III, and IV as described horein Aat are substitated on 
one or more (e.g. 1, 2, 3, or 4 ) caibons other than a caibon of R, with one w 
more (e.g., 1, 2, 3, or 4) groups -Y(POjR^; wherdn Y is a linker groiq>; each R 
5 is a suitable protecting group (e.g., (Cj-CJalkyl or benzyl); and m is 1, 2, 3^4, 5, 
or 6. 

Radionuclide Preparation 

The req)ective radionuclides can be obtained using procedures 
10 well known in the art Typically, the desired radionuclide can be prepared by 
irradiating an appropriate target, such as a metal, metal oxide, or salt Another 
method of obtaining radionuclides is by bombarding nuclides with pacdcles in a 
linear acceloator or cyclotron. Ydt another way of obtaining radi(»iuclides is to 
isolate than from fissim product mixtures. The m^od of obtaining the 
1 5 radionuclide is not critical. 

Stabilizing Agents 

A pharmaceutically accq>table means of protecting die conq>lexes 
of the invention fiom radiolytic decay can be m^loyed. Preferred 

20 radioprotectants of the present invention are anti-oxidants, compounds diat either 
reduce the number or the activity of oxidizing radicals. Exemplary 
radioprotectants that can be employed in Uie practice of the present invoition are 
ascoifoic acid, gentisic acid, nicotinic acid, ascorbyl pafanitate, H0P(0)H2, 
monthioglycerol, sodium formaldehyde sulfoxylate, NajSjOj, NajSjO}. SO,, or a 

25 reducing agent combined with BHA,BHT,pyrogallate or tocopherol and the 
like. Ascorbic add is the prefored radioprotectant for use in the practice of the 
pKseat invention, and can be used at about 35-75 mg/mL of liquid conq>osition. 

The formulations of the present invention can be in solid or liquid 
form, contaimng die active radionuclide complexed witii the ligand. These 

30 fi»muIations can be in kit form sudi that die chelator and radionuclide are mixed 
at die s^ropriate time prior to use in a suitable liquid carrier. Whetl^ 
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premixed or as a kit, the fonnulations usually lequire a phaimaceutically 
acceptable caniar. 

Phaimaceutical Dosage Foms 

5 The phannaceutical dosage fonns suitable for injection or " 

infusion can include sterile solutions, dispersions, emulsions, or microemulsions, 
comprising the active ingredient which are adapted for the extemporaneous 
prq)anition of sterile injectable or infusible sohitions or dispersions, optionaUy 
encapsulated in protective matrices such as nanoparticles or microparticles. In 

10 aU cases, the ultimate dosage form should be sterile, fluid and stable under the 
conditions ofmanufacture and storage. Thehquidcarrierorvdiiclecanbea 
solvent or liquid dispersion miedium comprising, for example, water, ethanol, a 
polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and 
the like), vegetable oils, nontoxic glyceryl esters, phosphonate or carbonate 

15 esters, DMSO.andsuitable mixtures thereof. The prevention of the action of 

microorganisms can be brought about by various antibacterial and antifungal 
agents, for example, benzyl alcohol, parabens, dilorobutanol, phenol, sorfoic 
acid, thimerosal, and the like. In many cases, it wiU be preferable to include 
isotonic agents, for example, sugars, buffers or sodium chloride. Prolonged 
20 absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Injectable susp^ons as compositions of the present invention 
can comprise a liquid suspending medium, with or wifliout adjuvants, as a 

25 carrier. The suspending medium can be, for example, aqueous 

polyvinylpyrrolidone, inert oils such as vegetable oils or highly refined mineral 
oils, or aqueous carboxymethylcellulose solutions. If necessary to keep the 
complex in suspension, suitable physiologically acceptable adjuvants can be 
chosen fiom among thickeners such as, for example, cariwxymethylcelhilose, 

30 polyvinylpyrrolidone, gelatin, and the alginates.-44anysurfectants^ 

as suspending agents, for example, lecithin, alkylphenol, polyethylene oxide 
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adduces, iiq>hthalenesuIfonates, alkylbenzeiiesulfoiiates, and tibe polyoxyetii^ene 
S(»bitan esters. Many substances which effect the hydiophobicity, density, and 
sur&ce tensi(m of ttie liquid suspension medium can assist in making injectable 
su^>ensions in individual cases. For exan^le, silicone antifoams, sorbitol, and 
S sugars are all useful suq>ending agents. 

The "bone-mairow siqy[»essing amount^ or o&er effective 
(ha^)aitic amount of radionuclide composition admini^ered to adiieve bone 
martowsiqopressipn will vary according to ^tors such as the age, weight and 
health of Ae patient, the disease state being treated, the treatment regimen 
10 selected, as well as the nature of the particular radionuclide composition to be 
administered. For example, less activity will be needed for radionuclides with 
longer half lives. Theenergyof the emissions will also be a £ictor in 
determining tiie amount of activity necessary. The preferred range of activity per 
dose is fiom about 250 to about 3000 megabecquerels per kilogram of body 
15 wei^t of said mammal. A more preferred dosage delivers firom about 750 to 
about 2500 megabecquerels per kilogram ofbodywei^ of said mammal. The 
most preferred dosage can ddiver finm about 1000 to about 2000 
megabecquerels per kilogram of body weight of said mammal. The effective 
amount will typically be administered, gsierally by administration into the 
20 bloodstream, in a single or multi-dose infusion. 

The radionuclide compositions ai4>loyed in ii» method of the 
present invention are enable of delivoing a agnificant portion, preferably 
greater than about 15%, of the radioactivity present in the composition to bone 
tissue while not deleteriously affecting non-taiget soft tissues. Therefore, for 
25 those disease states wh^e the treatmoit regimoi requires bone marrow 

siq)pression, the present invention is particularly advantageous- since it provides a 
means of achieving selective reduction in the hemc^i^ cell populatitm 
without having to resort to total body irradiation (TBI), thus resulting in minimal 
damage to non-target tissues. Furthermore, because there is a reduction in the 
30 radiation dose delivered to non-target tissues-(^ compared to the use of total 
body irradiation alone), the preset invention offers flie opportunity to use the 
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same or increased amounts of convoitional chemoUienq)eutic regimens, la 
addition, if it is desirable to en^Ioy total body irradiation in ccmjunction witii the 
bone marrow suppresdon method described h^n, for example, in the treatment 
of leukoma, it can be possible to reduce the radiation dosage used for the total 
5 body irradiation and still obtain the same or higher level of reduction of leukemic 
cells. 

As used herein, the tenn **single dosage" or "single dose** means 
that tho^otal dosage of radionuclide complex is administered in one (1) or more 
doses (unit dosage forms) witiiin a short period of time, e.g., less than about 24 
10 hours. Preferably tiie doses will be admimstered within 12 hours, most 
preferably 8 hours. More preferably tfie doses will be administered witiiin 4 
hours. More preferably tiie doses will be administoed within 2 hours. Most 
preferably the dosQ will be administered as a single infusion, or ofba unit dosa^ 
form. 

15 

Bone Marrow Transplanta tion and Restoration 

The general techniques of bone marrow transplantation are well 
known in tiie art, see for exanq)le, F. R. Appelbaum et al., *The Role of Manow 
Transplantation in the Treatment of Leukemia**, (pp. 229-262). C. D. Bloomfield 

20 (ed). Chronic and Acute Leukemias in Adults,! 985, MartinusNijhofif 
Publishers, Boston; E. D. Thomas, "Clinical Trials with Bone Manow 
Transplantation", (pp. 239-253), Clinical Trials in Cancer Medicine, 1985. 
Academic Press, toe.; E. D. Thomas, "Manow Transplantation for Malignant 
Diseases**, (pp. 517-531), Journal of Clinical Oncology, Vol. 1, No. 9 (SepL) 

25 1983; E. D. Thomas et al., "Manow Transplantation for Thalassemia**, (pp. 417- 
427), Annals New Yoric Academy of Sciences, 445, 1 985. 

Undtf goieral or spinal anesthesia and using standard manow 
aq)iration needles, multiple aspirates are performed from the anterior and 
postoiOT iliac crests and, occasionally, the stenmm of die donor. The manow is 

30 placed in heparinized tissue culture media andjhen, using metal screens, filtered 
to remove bony q^cules and &t globules and to create a monocellular 
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suspension. At the time of desired administration of the bone manow, the 
maitow is infused intravenously. Mowing which the mairow stem cells migrate 
to the manow space, proUferate, and eventually restore normal hematopoiesis 
and immune function. It is preferable to give as many bone marrow cells as 
5 possible to enhance the promts of marrow engrafhhent. Following allogeneic 
transplant the patient usually receives some fonn of immunosuppression, such as 
by administration of methotrexate or cyclosporine^ in an attempt to prevent or at 
least medify graft-vetsus-host disease. 

A more prefened method for retrieving bone marrow stem cells 

10 involves harvesting these cells from the peripheral blood to increase the 

concentration of stem cells in the blood by techniques such as negative selection 
with antibodies specific for hematopoietic cell maikere. Patioits arepretreated 
with chemotherapy, or pretreated with a colony stimulating factor such as G- 
CSF, GM-CSF. or SC-CSF. These cytokines are also used after TBI and mairow 

15 or stem cell transplant to enhance engraffanent. 

The use of high dose chemothenq>y followed by stem cell support 
has become one of the most attractive therapeutic approaches in multiple 
myeloma since, in relation to conventional chemotherapy, it increases the 
number of conq>Iete remissions (CR). duration of event free survival (EFS) and 

20 probably, overall survival (OS). In this setting of high dose chemother^y, the 
use of a complex of the invention to suppress (ablate) the mairow in oider to 
potentially eradicate the malignant clone more effectively, requires stem cell 
siq>poit With total mairow ablation using a complex of the invention a stem 
cell rescue is required using autologous stem cells collected prior to thei^y. The 

25 abifity to give back the patients stem cells post ablative thenq>y helps to 

regenerate the lost hematopoiesis and thus protect the patient fiom potentially 
life-threatening complications. 
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Treatment nf ran/ror 

A. Chen^otl^enipwi ^c Apaitss 

In the treatment of a patient having a cancer such as leukemia or 
mult^le myeloma, the use of the radionuclide compositions described herein can 
5 reduce or eliminate the neoplastic cell population in the bone manow. Tbt 
phosphonate complexes of the invation also provide enhaQced penetration of 
bone and uptake of the radionucHde by neoplastic bone lesions, which represent 
areas oCactive bone matrix turnover. However, it wMl usually be necessary to 
administer one ormorechemothcrapeutic agents, such as melphalan, dimethyl 
10 busulfen. Cytoxan and/or cyclophosphamide, to destroy the undesirable cells in 
locations other than the bone marrow or in sanctuaries within the bone marrow, 
ortoaddtotheeflfectsoftheradiation. The eflScacyofcancer elimination can' 
be enhanced by the use of protein synthesis inhibitors, in order to inhibit repair 
of damaged DNA in the cancer cells. 

15 • Caiemotherapy can be given in standard doses in conjunction with 

the present method, or as higher than standard doses along with the present 
invention, depending on the tolerance of the patient In other instances in 
conjunction with the bone marrow suppression method of the present invention, 
it is often desirable to en^Ioy total body irradiation, with or without 
20 <*em<>flieiapeuticagents.asatreatmenttoreducethemaKgnantorneo^^ 

ceU population, such as by deUvering radiation to the patient fiom dual opposing 
cobalt.60 sources. ThoseskiUedintheartwaiknowhowtoperfonnaPhasel 
study determining the limits of tolerance of dther the chemotherapy, 
or the dose of the present complexes or both. 

ChemoAerapeutic agents that are useful in practicing the present 
invention inchidebut arenot limited to adriamycin, ifosfamide. thiotepa. 
melphalan. methotrexate, mitoxantrone. estramustine, bleomycin, velban, 
taxanes. thalidomide, etoposide, phosphate, taxol. vincristine, dexamethasone. 
doxorubicin, busulfen. Cytoxan, cyclophosphamide, bischloroethyl nitrosourel, 
cytosine arabinoaside. d^hioguanine and the lik* Preferred chemotherapeutic 
agents that are useful in practicing the presort invaition are adriamycin. 
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ifosfiunide, Mot&pz, meli^ialaii, medx>trexate, mitoxanttone, estramustiiie, 
bleomycin, velban, taxanes, thafidomide, vincristine, dexamethasone, 
doxorubicin, busul&n and analogs thereof. For example, melphalan analogs are 
disclosed in U^. Pat Nos. 3,032,584 and 3,032,585 (see Merck Index (1 1th ed.) 
5 at page 914). 

The teim "chemotherapeutic agent" also includes anti-cancer 
a^ats, such as toxins, that are targeted to cancer cells by antibodies against 
cancer cell antigens. Such immunoconjugates are described in publi^ed PCT 
appUcations WO/97/00476 and WO/95/10940. 
10 The mammals ^tients) can also be treated with agents such as 

bisphosphonates, to counteract the hypocalcemia associated with certain tumors, 
such as lung cancors, multiple myeloma, r^ cell carcinoma, brondiogenic 
carcinoma, breast cancor, lymphoma, and cancers of the head and nedc. 
Pamidronate and aloidronate disodium are prefmed agoits for treatmoit of this 

15 condition. It will be appreciated that the agents should be selected and used so 
as not to compete with die thers^tic agent for bone manow uptake. 

The mammals 0)atients) can be hydrated and premedicated with 
entireties to decrease nausea and vomiting that may be associated widi 
siq^resdonofbonemanrowwtoi practicing tiie present invention. The 

20 preferred antiemetics are those that reduce die irritation of the chemoreceptor 
tii^arzone. Common regimens that are useful in practicing the presoit 
invoition include s^tonin 5-HT' antagonists sudi as, for example cmdanstoon, 
granisebnn, and die like; dopamine antagonists such as, for example, 
jKochloiperazine, promethazine, dropaidol, metoclopramide, and die like; 

25 antihistamines and anticholinergics sudi as, for example, diphenylhydramine, 
scopolamine, dimediylhydrinate, meclizine, and the like; corticosteroids such as, 
for example, dexametiiasone and die like; and sedatives such as, for example, 
diazqKim, lorazepam, and die like. 

A wide variety of loikonias and solid tumors can be treated widi 

30 die present complexes including bone-formin&4vmors, caitila^forming tumors, 
fibrous and fibro-osseous tumors, leukemias such as chronic lympho<^c 
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leukemia and myeloid leukemia, and metastatic tumois to the skeleton. Hiese 
skeletal systan tumors include, but are not limited to, sarcomas such as Ewing's 
sarcoma, osteochondroma, chondroma, chondroblastoma, chondromyxoid 
fibroma and chondrosarcoma, non-ossifying fibroma, fibrous histiocytoma, 
5 fibrosarcoma, liposarcoma, sarcoma of the periosteum, osteosarcoma, osteoma, 
osteoblastoma and giant cell tumor of the bone. Other tumors which can be 
treated include chordoma, adamantfaoma, hemangioendothelioma, 
hanangippericytoma, myelomas, such as multiple myeloma, non-Hodgkin's 
lymphoma, Hodgkin's disease, breast cancer, prostate cancer, lung cancer, head 
10 and neck cancer, ovarian cancer, bladder cancer, liver cancer, pancreatic cancer, 
renal cell carcinoma, myelodysplastic syndrome, genn cell tumor, and 
neuroblastoma, particularly those cancers that have metastasized to the bone, 
attach to the bone, or that are associated with the ^eletal system. 
Myeloproliferative disoideis, including polycythemia vera, macroglobulinemia, 

15 megakaiyocyticmydosis or maUgnanthistio<7tosis, can also be treated with t^^ 
present conq>lexes. 

Thus, the invention provides a method f(H- treating cancer 
comprising administering to a mammal in need of such therapy, a complex of the 
invention comprising a therapeutic radionuclide, in combination with a 
20 chemotheiapeutic agent, a bisphosphonate, or an antiemetic. The invention also 
provides a phamiaceutical composition comprising a complex of the invention 
and a chemotherapeutic agent, a bisphosphonate, or an antiemetics; in 
combination with a pharmaceutically acceptable carrier. 

25 B. Adiimctlifldiatiop Therapy 

By careful aiming and regulation of dose, high-energy radiation 
can be used to destroy cancer cells in combination with the present radionuclide 
therapy. Radiation therapy (also referred to as radiothaapy, x-ray therapy, cobalt 
treatment, or irradiation) is presentty either part of the treatment or the only 

30 trcatmentforabouthalfofaUcancerpatients.4Tiisformoftreatmentisefl^^ 
only for those cancer cells within the area receiving the radiation (the field), 
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Which can encoii4>ass the entirety of the subject's body (total body inadiation or 
TBI) or can be localized, as in the exposure of a ^>ecific tamoc site. 

Radiation may be used before suigoy to shrink a cancerous 
tumor, after surgery to stop growth of any remaining cancer cells, or alone or 
5 with anticancer drugs to destroy a malignant tumor. It is particularly effective 
when used to treat certain ^pes of localized cancers such as malignant tumors of 
the lymph nodes or vocal cords. 

Radiation usually is not per 5« curative if die cancer cells have 
^read throughout the body or outside the area of radiation. It can be used even 
10 if a cure is not probable because it can shrink tumors, which decreases the 
pressure and pain they cause, or it can stop their bleeding. 

GoieraUy, radiation produces less physical disfigurement Uian 
radical surgery does, but it may produce severe side effects. These side effects 
are related to the damage x-rays do to normal tissue such as blood or bone 
15 maiTOW. Side effects include inritated skin, swallowing difficulties, dry mouth, 
nausea, diarrhea, hair loss, and a loss of energy. How serious and extensive 
these side effects become depend on where and how much radiation is used. 

Use of flie presort radionuclide complexes can reduce or 
eliminate the need for total or targeted external radiation fterapy, or can enhance 
20 -the total efl5cacyofather^>euticregimai which normally employs TBI. Doses 
of TBI useful in the present meAod can deliver total inadiation of fiom about 
750-1350 cGy, e.g., about 800-1000 to 1200 cGy. The total irradiation may be 
given in multiple fiactions, i.e., 1-10 CatiAons; or m a single dose. 

Thus, the invention jvovides a method for treating cancer 
25 comprising administering to a mammal in need of such therapy, a complex of the 
invmtion, in combination widi radiation thaapy. 

Treatment of Autoimmune Diseases and anmunosupp ^Qinp 

The me&ods and conq>lexes of the inventitm are also useful to 
30 treat immunological disorders such as autoimmvie diseases by immune 
suppression due to temporary partial bone marrow suppression or by marrow 

28 



wo 02/062398 



PCT/DS02/00629 



purgiiig in combination with mairow transplantation. However, those skilled in 
the art wouM recognize that the methods and compositions of the invention can 
also be used for general immunosi^ession in combination with othw 
immunosuppressive therapies. Currently, autoimmune diseases are treated by a 
5 variety ofnonspedfic immunosuppressive drugs and steroids. Qnegroi4)of 
anti-inflammatory agents used in the treatment of autoimmune diseases is 
corticosteroids. Corticosteroids are synthetic versions of the body»s hormone 
cwtisoBe, which is produced in smaU amounts by the adrenal gland. 
Synthetically produced corticosteroids reduce inflammation and suppress the 
10 immunesystem. The most commonly prescribed corticosteroids for use in 
treating autoimmune disorders are prednisone and dexamethasone. 

Autoimmune disordos are sometimes treated with 
immunosuppressant drugs such as cytotoxic agents (e.g., methotrexate, 
azathioprine and cyclophosphamide). In addition, anti-malarials including 

15 <*teroquine and hydroxychloroquine can be used to suppress inflammation and 
the immune system in the treatment of autoimmune disorders. Autoimmune 
diseases can also be treated with nonstooidal anti-inflammatory medications, 
such as aspirin, ibuprofen, naproxen, indomethacin. suUndac, etodolac and 
tohnetin. Gold salts have been used to treat autohnmune arthritis for over a half 

20 acentury.whilerecentadvancesinresearchhaveyieldednewautoimmune 
arthritis therapies, such as COX-2 inhibitors. COX-2 inhibitors (or super- 
_ aspirin) work to inhibit inflammation and pain without produdng significant side 
effects. In addition, another class of agents that target aberrant cytokine 
production, such as anti-TNF (tumor necrosis fector) drugs, can also be used for 

25 fl»treatmentforseveraltypesofarthritisincludmgrheumatoidarthriti^^ 
myositis, and scleroderma. 

Furthermore, the methods and complexes of flie invention could 
also be used alone or in combination with drugs that act more specifically on the 
irmnune system, for example, by blocking a particular hypersensitivity reaction. 
30 feaAfition, the complexes could be used incoodination with intravenous 

immunoglobuUn therapy or other antibody-based therapies, a treatment, used for 
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various immunological diseases to reduce circulating immune complexes, or 
^ificT cell populations. For example, the present methods and complexes 
can be used as immunosuppressive agents to inhibit host rejection of 
transplanted cells, tissue or organs. 

5 In order to increase the chance of the patient's recovery, it can be 

beneficial to employ materials, such as granulocyte macrophage colony 
stimulating fector (GM-CSF), or granulocyte colony stimulating fector (G-CSF), 
and JL-U for thrombopoiesis to stimulate or enhance the r^eneration and 
restoration of the bone manow. It can also be beneficial to employ stem cell 

10 growthfactor,G-CSFand/orGM-CSFpriortother^ytotriggerreleaseofstem 
cells into the blood where th^ can be collected. 

Thus, the invention provides a method for treating an 
immunological disorder comprising administering to a mammal in need of such 
therapy, a coniplex of the invention, in combination with another 
15 immunosuppressant therapy or immunosuppressant drug. The invention also 
provides a pharmaceutical composition comprising a complex of the invention 
and an immunosuppressant drug; in combination with a pharmaceutically 
accq>table carrier. 

20 Infections an d Infecrioiis nigP-acAc 

The methods and complexes of the invention are also effective to 
treat bacterial infections, fungal infections, and infectious diseases that localize 
to or around bone such as tuberculosis, bacterial osteomyelitis, fimgal 
osteomyeUtis, and the like. Anti-fimgjU agents, and anti-bacterial agents often 

25 have poor penetration mto tiie bone and sites enclosed by bone such as the bone 
marrow. In situations in which the patient is suffering fiom an infectious disease 
which has localized to the bone, the patient may be able to achieve a cure by the 
deliveiy of high doses of radiation to the bone. 

Examples of agents usefiil in combination with targeted radiation 

30 in practicing the present invention include, but^re not limited to antibiotic 

agents, e.g., antibacterial urinary tract agents; anti-infective agents, anti-parasitic 
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agents and and-fungal agents, including those disclosed in The Physician's Desk 
Reference, 50th Edition, 1996. 

Useful antibiotic agents inchide systen^ antibiotics, such as 
aminoglycosides, cephalosporins (e.g., first, second, and third generation), 
5 macroHdes (e.g., aythromycins), monobactams, penicillins, quinolones, 
sulfonamides, and tetracyclines, inchiding those disclosed in The Physician's 
Desk Reference, 50di Edition, 1996. 

In addition, antibacterial agents include 2-isocephem and 
oxacqjhem dmvatives disclosed in US. Patent No. 5,919,925; 
10 pyridonecariwxylic acid derivatives disclosed in U.S. Patait No. 5,910,498; 
water miscible esters of mono- and diglycerides disclosed in U.S. Patent No. 
5,908,862; benzamide derivatives disclosed in U.S. Patent No. 5,891,89(^ 3- 
ammoniopropenyl cephalosporin compounds discfesed in U.S. Patent No. 
5,872,249; 6-0-substituted ketolides disclosed in U.S. Patent No. 5,866,549; 
15 benzopyran phenol derivatives disclosed in U.S. Patent No. 5,861,430; pyridine 
derivatives disclosed in U.S. Patent No. 5,859,032; 2-aminothiazole derivatives 
disclosed in U.S. Patent No. 5,856,347; penem ester derivatives disck)sed in U.S. 
Patent No. 5,830,889; lipodepsipepfides disclosed in U.S. Patent No. 5,830,855; 
dftenzimidazole derivatives disck>sed in U.S. Patent No. 5,824,698; 
20 alkylenediamine derivatives disclosed in U.S. Patent No. 5,814,634; organic 
soNent-soluble mucopolysaccharides disclosed in US. Patent No. 5,783.570; 
aiylhydrazone derivatives disclosed in U.S. Patent No. 5.760.063; caibapenem 
compounds disclosed in U.S. Patent No. 5.756.725; N-acylpiperazine derivatives 
disclosed in U.S. Patent No. 5,756,505; peptides disclosed in U.S. Patent No. 
25 5,714,467; oxathiazines and their oxides disclosed in U.S. Patent No. 5,712,275; 
5-amidomelhyl alpha beta-saturated and -unsaturated 3-aiyl butyolactone 
compounds disclosed in U.S. Patent No. 5,708.169; halogenated benzene 
derivatives disclosed in U.S. Patent No. 5,919,438; sulfor^ntaining 
heterocycUc compounds disclosed in US. Patent No. 5,888,526; and oial 
30 antibacterial agents disclosed in US. Patent No, 5,707.610. 
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Anti-paiasitic agents include agents capable of kiUmg arthropods 
(e.g.. Uce and scabies); helminths (e.g., ascaris, enterobius, hookwonn. 
slronglyoids, trematodes. and trichuris); and protozoa (e.g., amebas, malaria, 
toxoplasma, and trichomonas), inchiding those disclosed in The Physician's 
5 Desk Reference, 50th Edition, 1996. 

The methods and compositions of the invention are also effective 
to treat fungal infections that localize to or around bone such as fimgal 
osteomsjplitis and the like. The methods and compositions can also be used in 
conjunction with antifungal agents faiown to be useful in the treatment of fungal 
10 iirfections. Antifungal agents include dennatologicalfungicidM^ 

fungicides, systemic fungicides, and vaginal fungicides, including those 
disclosed in The Physician's Desk Reference, 50th Edition, 1996. 

In addition, antifungal agents inchide teipenes. sesquiteipenes 

diteipenes, and triterpenes disclosed in U.S. Patent No. 5,917,084; sulfur- 
15 containing heterocyclic compounds disclosed in U.S. Patent No. 5,888,526; 
caibozamides disclosed in U.S. Patent No. 5,888,941 ; phyUosilicates disclosed 
in U.S. Patent No. 5.876,738; coiynicandin derivatives discbsed in U.S. Patent 
No. 5,863,773; sordaridin derivatives disclosed in US. Patent No. 5,854,280; 
cyclohexapeptides disclosed in U.S. Patent No. 5.854,2 13; teipene compound 
20 disclosed in US. Patent No. 5,849,956; agents derived fiomaspergiUus 

fiimigatus disclosed in US. Patent No. 5,873,726; inula extracts disclosed in 
^ US. Patent No. 5,837,253; lipodepsipeptides disclosed in US. Patent No. 
5,830,855; polypeptides disclosed in US. Patent No. 5,824,874; pyrimidone 
derivatives disclosed in US. Pa^t No. 5,807,854; agents fiom ^romiella 
25 "J^mizesdisclosedinUS.PalentNo.5,801, . 
US. Patent No. 5.786,325; polypeptides disclosed in US. Patent No. 5,773.696; 
triazoles disclosed in US. Patent No. 5,773.443; fusacandins disclosed in US. ' 
Patent No. 5,773.421; terbenzimidazoles disclosed in US. Patent No. 5.770.617; 
and agents obtained fiom honnones disclosed in US. Patent No. 5,756,472. 
30 Thus, the invention provides a method for treating an infection or 

an infectious disease comprising administering to a mammal in need of such 
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ther^y, a complex of the invention, in combination with an antibiotic agent, an 
anti-infective agent, an anti-i)arasitic agent, or an anti-fungal agent The 
invention also provides a phannacentical composition comprising a complex of 
the invention and an antibiotic agent, an anti-infective agent, an anti-parasitic 
5 agent, or an anti-fungal agent; in combination wifli a phannaceuticaUy 
acceptable earner. 

mo}om<^ TrPj»raMe hvR1\4T or Stem r^ll T^rplt^fnnTt 

The present metiiods can be useful to ablate bone marrow in 

10 treatmentiegimensintendedtoconectavarietyofdisoidersbyreplaci^^ 
"defective" hematopoietic cells, with "nomial" autologous or allogenic bone 
marrow or stem cells. This can be used in the treatment of diseases of red cells 
and bleeding disorders. Tliese include hematopoietic genetic diseases such as 
hemolytic anemias. i.e., sickle ceU anemia or tiialassemia. Otiier such disorders 

15 include various anemias, polycythemia, thrombocytop^a, and bleeding 
disordeis related to defective platelet function or abnomialities in clotting 
fectors. 

Hematopoietic stem ceU transplantation fiom nonnal donor has 

been reported to be effective to treat lysosomal and peroxisomal storage 
20 such as gfoboid cell leukod^ 

adrenoleukodysteophy,mannosidosis,flucosidosis.aspartylglucosaminuria^ ' 
Haid», Maroteaux-Lamy and Sly Syndromes and Gaucher disease t>pe m. W. 
Krivit et al., Curr. Qpin , 12, 167 (1999). 

25 GeneThef^pY 

The present method can also be employed as part of goie tiier^y 
that invoh.es implantation of geneticaUy engineered stem cells, to correct genetic 
defects, following bone marrow ablation. For example, a subject's own stem 
cells can be "nomialized" by introduction of a vector comprising a gene that will 

30 effectiveIycounteractthedefectivegeneorreplafiefliemissingone.See,D3. 
K<*n, Cmr. Qpinin n in Pediatr , 2, 56 (1995). 
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Bone marrow siq>pression, followed by administration of 
genetically oigineered (tiansfonne^ ston cells, can be used, for example, in the 
treatment of cancer in a human by insoting exogenous genes into human 
piimaiy cells, such as, for example, stem cells, which specifically "target" 
5 mature blood cells to a tumor. Preferably, the stem cells have been removed 
from a cancer patient and expanded in culture. Genes that oihance the anti> 
tumor effects of the mature cells can also be employed. The blood cells can be 
expanded m numbo: before or after insertion of the genes. A method for 
transforming blood cells is described in US. Pat. No. 5,286,497. Thus, the 
10 procedure is performed in such a manna- that upon injection into the patient, the 
transformed blood cells will produce an anti-cancer agent in flie patient's body, 
preferably at the site of the tumor itself. 

The gene carried by die transformed stem cells can be any ^e 
which directly or indirectly enhances the therapeutic effects of the resultant 

15 mature blood cells. The gene carried by the stem cells can be any gene which 
allows the blood cells to exert a then^tic effect that it would not ordinarily 
have, such as a gaie encoding a clottmg factor usefol in the treatment of 
hemq)hilia. Examples of otiier suitable graes include those that encode 
cytokines such as TNF, interleukins (interieukins 1-12X interferons (a. p, y- 

20 interferons), T-cell recq[>tor jnoteins and Fe receptors for antigen-buxling 
domains of antibodies, such as immunoglobulins. 

Additional examples of suitable genes include genes fliat modify 
blood cells to "target" to a site in the body to which the blood cells would not 
ordinarily "target," thereby making possible the use of the blood cell's 

25 dierapeutic properties at that site. In this foshion, blood cells can be modified, 
f<»- example, by introducing a Fab pcvtion of a monoclonal antibody into the 
Stan cells, thereby oiabling the mature blood cells to recognize a chosen antigen. 
Otha- genes useful in cancer ihenpy can be used to encode chemotactic foctois 
which cause an inflammatory response at a specific site, thereby having a 

30 therapeutic efiect Other examples ofsuitable^jpnes include genes encoding 
soluble CD4 which is used in tiie treatment of AIDS and goies encoding 
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preselected polypeptides or protein that can act to correct or ameUorate genetic 
disorders which result in insufficient or defective enzymes. Such genes include 
the a-antitiypsin gene, which is useful in the treatment of emphysema caused by 
a-antitiypsin deficiency, a tyrosine hydroxylase gene (Parkinson's disease), a 
5 gittcocerehrosidase gene (Gaucher's disease), an "a-galactosidase gene.CFabra/s 
disease) an arylsulfatase A gene (metachromatic leukodystrophies) or genes 
oicoding oAa: polypq>tides or inoteins. 

«, The goie tfao^y of the present invention is also useful in the 
treatment of a variety of diseases including but not limited to adenosine 
10 deaminase deficiiency, sickle cell anemia, thalassemia, hemophilia, diabetes, 
antitrypsin deficiency, brain disorders such as Alzheimer's disease, and other 
iUnesses such as growth disorders and heart diseases, for example* those caused 
by alterations in the way cholesterol is metabolized and defects of the immune 
system. . 

One ofskill in the art would recognize that the conditions 
discussed herem above can have multiple causes and can overls^ in naming and 
categorization. 

leases where complexes are sufficientiy basic or acidic to form 
stable nontoxic acid or base salts, administration as salts may be appropriate. 
Examples of pharmaceutically acceptable salts are orgamc acid addition salts 

foraicd with acids which form a physiological acceptable anion, for example, 
tosylate, methanesulfonate, acetate, dtrate, malonate, tartarate. succinate, 
25 benzoate,ascorbate,o-ketogiutarate,aiida.glycerophosphate. Suit*^^ 

salts may also be formed, inchidmg hydrochloride, sulfete, nitrate, bicarbon^ 
and carbonate salts. 

Pharmaceutically acceptable salts may be obtained using standard 
procedures well known in the art. for example by reacting a sufficiently basic 

30 
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con^und such as an amine with a suitable acid affording a physiologically 
acceptable anion. Alkali metal (for example, sodium, potassium or li&ium) or 
alkaline earth metal (for example calcium) salts of catboxylic acids can also be 
made. 

^ • The amount of the con^lex or salt required for use in diagnosis or 

treatment will vary not only with the particular complex selected but also with 
the route of administration, the nature of the condition being treated and the age 
and condition of the patient, and will be ultimately at the discretion of the 
attendant physician or clinician. Typical dose ranges for imagmg are 3-45 mCi 
10 per 70 kg body weight, preferably 5-35 mCi per 70 kg, more preferably 10-30 
mCi per 70 kg. See Fritzbeig et al. (U.S. Pat No. 5,089,249). l^pical dose 
ranges for therapy are 10^50 mCi per 70 kg body weight, preferably 20-300 
mCi per 70 kg, more preferably 40-200 mCi per 70 kg. See Fritzberg et al. (U.S. 
Pat No 5,089,249). 

The ability of a compound of the invention to suppress bone 
mamjw growth can be determined using pharmacological models which are well 
known to the art. Examples of useful assays are found in Cleynhens, B. et 
al.(Technetimn. Rheniimi and Other Metals m Chemistry and Nucleir Maiinm^ 
(1999) p. 605), Laisen. ILH. et al. fJoumal of T^h elled Comnoiiiids «nH 

20 Radiophaimageuti^alf^ XLI. 823 (1998)), Fritzberg et al. (U.S. Pat No. 
5,089,249), and Simon et al. (U.S. Pat. No. 5,064,633). 

The invention will now be illustrated by the following non- 
limiting Examples wherein unless otherwise noted: reagents were obtained fiom 
Aldrich Chemical Co. (Milwaukee, WI); anhydrous solvents were obtained fiom 

25 Acros Organics (Fisher Scientific; Pittsburg, PA); other solvents were reagent or 
HPLC grade and obtamed fiiom Fisher Scioitific; air sensitive reactions were 
earned out under nitrogen or argon; proton NMR spectra were obtained on a 

Varian Gemini-200 spectrometer, chemical shifts are expressed in parts per 
million (6) using residual solvent protons as internal standard; mass spectra were 
JO obtained using a Theimo(Juest/Finnigan LCQ-Detector (San Jose, CA) with an 
atmospheric pressure ionization (API) source and an electrospray ionization 
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(ESI) probe; flash chromatography was earned out using Merck Silica Gel 60 
(230-400 mesh); TLC was performed on pie^oated glass plates (Baker, Si250F 
with 254nm fluorescent indicatorX and qx>ts were detected using UV Hght, 
iodine, ninhydrin spray (0.2% in EtOH) or an aqueous solution containing 
5 Phosphomolybdic acid, Ce(S04)2 and H2SO4; reverse phase flash 

chromatography was carried out using Bakerbond octadecyl (C-1 8) 40|im Prep 
LC packm© reversed phase TLC was performed on predated glass plates (EM 
ScienctRP-18 F^s^; analytical HPLC was carried out using a Waters 600 
multi-solvent deUvcry sj^tem and a Waters 490 programmable multiwavelength 
10 detector with a 5^m'C-18 cohmm ftom Beckman Ultrasphere (Fullerton, CA); 
and preparative HPLC was performed on a Waters 3000 system with a Model 
481 spectrophotometer(254nm) using C-18rever5ed phase cohmmsfiom 
Microsorb(Wahiut Creek, CA). Compounds 1. 17 and 20 (Figures 4, 7. and 9) 
were synthesized by known literature procedures. (Yau, BJC; Theodore, L J.; 
15 Gustavson, LM. US Patent 5,847,121 (Dec. 8, 1998); Kieczykowski, G.R.; 
Jobson, R3.; Melillo, D.G.; Reinhold, D.F.; Grenda, VJ.; Shinkai, L J. Org. 
Chem. 1995. dO. 8310-8312; and Nanjappan, P.; Raju, R; RamaHngam, K.; 
Nowotnik, DJ>. Tetrahedron 1994, 50. 8617-8632.) 

20 Example 1. (6-{4-[2-(Bis-phosphonomethyI-amino>acetylamino]-benzyl}- 

4,7,10-lris-caibox>methyi.l,4,7,10-tetraaza^clododec-l.yl)-acetic acid (8, 
Figure 4). 

To a solution of protected DOTA chelate 7 (49.2 mg; 45.1 jimol) 
25 mCH,Clj(3mL)wasaddedTMSBr(600|iL).ThesoIutionwasst^ 
overnight, flien HjO (1 mL) was added and stirring was continued for 30 
minutes. Concentration yielded 66.1 mg of crude material which was purified by 
preparative HPLC on a C-18 reversed phase column using 100% HjO 
(containing 0.1% TFA) as the eluting solvent: Yield = 15.6 mg (29%); 'H NMR 
3a (D,0) 6 7.41 (d, 2H), 7.25 (d, 2H). 4.49 (s. 21^4.37-2.48 (complex multiplet, 
25H), 3.68 (d, 4H); ESI-MS 755.2 (M+H), 777.2 (M+Na). 
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The intomediate protected DOTA chelate 7 was pi^Kired as 

follows. 

a- Tetra t-butvl nitrobenzvl DOTA 2 (Fipure 4) , To a rapidly stined 
5 solution of (S)-2-(p-Nitrobenzyl>l,4,7,10-tetraazacyclododecane 

trihydrochloride salt 1 (350 mg; 0.84 mmol) and KjCOj (1.16 g; 8:4 mmol) in 
anhydrous DMF (7 mL) was added t-butyl bromoacetate (0.62 mL; 4.2 mmol). 
The mixture was then heated to 50-55'C and the progress of the reaction was 
monitored by HPLC. After 3 hours the mixture was cooled to room temperature 

10 then stored at 4*C overnight. The precipitated soHd was collected and rinsed with 
additional DMF (5 mL). This yielded 786 mg of crude material which was 
purified bysilica gel chromatography, eluting with 0.10% MeOH/CMjClj, to 
yield 528 mg (82%) of 2. 0.30 (10% MeOH/CHjCl j); 'H NMR (CDCl^ 6 
8.17 (dd. 2HX 7.60 (d, IH), 7.40 (d, IH), 3.78-1.62 (complex multiplet. 25H). 

15 1.49-137 (4s, 36H); ESI-MS 786.4 [M+Na]. 

^- Tgtra t-butvl aminobenzvl DOTA 3 Hneure 4) T« a c>.i..ri»« »f 
nitrobenzyl compound 2 (528.7 mg; 0.69 mmol) in MeOH (50 mL) in a Parr 
shaker bottte was added 10% Pd/C (100 mg). The solution was then placed on 

20 the Pair ^aratus under a hydrogen atmosphere of 50 psi. Afta 3 hours the 
solution was filtered and concentrated to yield 472 mg of crude material 
Purificationby silica gel chromatography, eluting with 0-10% MeOH/CHjClj 
yielded 370 mg (73%) of3.J«,= 0.27 (10% MeOH/CHjCl J; 'HNMR(CDCl3) 
& 6.75 (dd, 2H), 6.58 (dd, 2H), 3.43-1.45 (complex multiplet, 25H), 138-1.29 

25 (4^36H). 

c. Protected DOTA chelate 7 (Fimm. 4V To a solution of 
aminobenzylDOTA3(80.7mg; 1 10 |miol) and amino acid hydrochloride 6 (50 
ms 121 ^nlol) in DMF (3 mL) was added benzotriazol-yl-oxy^ 
30 tris(dimethylamino)phosphonium hexafhioropfaosphate (BOP; Chem-hnpex 
International; Wood Dale, IL; 53.5 mg; 121 jimol) and DIEA (154 |iL; 

38 



WO02/0(>2398 



PCTAJSOZ/00629 



10 



883 timol). The mixture was stiired under ai^gon at room temperature ovemight 
then concentrated. The crude residue was dissolved in CHjClj (20 mL) then 
washed with H^O (2x lOmL) and brine (10 mL) then dried (MgS04). 
Concentration gave 141 mg of crude material which was purified by silica gel 
chromatography, eluting with 0-8% MeOH/CHjCl j, to yield 98.4 mg (82%) of 
protected DOTA chelate 7: 0.45 (10% MeOH/CH,Cl ,); 'H NMR (CDCI3) 6 
7.60 (dd, 2H). 7.07 (dd. 2H), 4.15 (pentet, 8H), 3.60 (s. 2H). 3.21 (d. 4H), 
3.50.UO (complex muitiplet.25H), 1.49 (s,9H), 1.47 (s,9H), 1.44(s,9H), 1.41 
(s, 9H), 133 (t, 12H). 



The intermediate amino acid hydrochloride 6 was prepared as 

follows. 



d. MgftYl eslq- 5 ffipuTft 4>. (see U.S. Patents 5,714.604. and 
15 4W,950). Toasolutionofparaformaldehyde(1.32g;44mmol)andglycine 
methyl ester hydrochloride 4 (2.51 g; 20 mmol) in anhydrous THF (30 mL) was 
added triethylphosphite (7.54 mL; 44 mmol). The mixture was heated to reflux 
for 16 hours then cooled to room temperature and concentrated in vacuo. The 
material .was dissolved in CH^Clj (1 00 mL) and washed sequentially with 

20 saturated aqueous NaHCO, solution (2x 50 mL).HjO (50 mL) and saturated 
aqueous NaCI solution (50 mL). Drying (MgSO^) and concentration yielded 
7.208 g (93%) of methyl ester 4 which was of sufficient purity to be used in 
subsequent stq)s: 'H NMR (CDCl^ b 4.12 (m. 8H), 3.82 and 3.73 (2s, 2H), 3.69 
and 3.65 (2s, 3H). 3.25 (t, 4H), 1 Jl (t, 12H); ESI-MS 389.9 [M+H] and 412.1 

25 [M+Na]. 



e. 



30 



Amino acid hydrochloride <> (Pf p^ir^ A) To a solution of methyl 
ester 5 (7.208 g; 18.5 mmol) in MeOH (30 mL) was added HjO (15 mL) 
followed by the diopwise addition of IN-NaOH (22 mL). The mixture was 
stirred at rt ovemigiht then concentrated. The crede material was dissolved in 
H2O (200 mL) and flie aqueous solution washed with CHjClj (2 x 100 mL) then 

39 



wo 02/062398 



PCT/DS02/00629 



5 



acidified to pH-2 by the addition of IN-HCl (22 mL). The aqueous solution was 
saturated with NaCl then extracted with 3:1 CHjClj; 'PrOH (3x 150 mL). Drying 
(MgSOJ and concentration in vacuo yielded 3.519 g (46%) of add 6 whidi was 
of sufiBcient purity to be used in subsequent stq)s: 'H NMR (CDClj) 6 4.10 
(pentet, 8H). 3.70 (s, 2H). 3.28 (d. 4H), 1.27 (t, 12H). 

Example 2. (6-{4-[4-(Bis-phosphonomethyl-carbamoyl)-butyiylaniino]- 

benzyl}^J.10-tris^arboxymcthyl-lA7,10-tetraazasq«lododec-l-y!).a^ 
(11, Figure 5). 



10 



A solution of tetra t-butyl ester 10 (23.2 mg; 16.9 |imol) in TFA 
(5 mL) was stirred at room temperature overnight Concentration followed by 
dissolution in HjO (12 mL) and lyophilization yielded 16.5 mg (85%) of 11 as a 

feaflieiywhitesoKdwhichwasshownbyHPLCtobeof>98% purity: 'HNMR 
15 (D,0) b 7.34 (d, 2H); 7.21 (dd. 2H), 4.43-2.69 (complex multiplet, 27H), 2.58 (t. 
2H),2.40(t,2H). 1.92 (m.2H);ESI.MS 81 1.2 (M+H), 833.2 (M+Na). 

The intennediate tetra t-butyl ester 10 was prepared as follows. 

^" POTA linker acid 9 ffigiire 5) To a solution of DOTA aniline 3 

(1 10.6 mr, 151 jimol) and glutaric anhydride (343 mg 301 nmol) in anhydrous 
DMF (8 mL) was added DIEA (0.26 mL; 1.51 mmol). The solution was stirred 
overnight tiien concentrated in vacuo to yield 146 mg of crude material. 
Purification by prq)arative HPLCon a C-18 reversed phase column, ehiting with 

25 H,0/MeCNcontainmg 0.1% TFA (using a gradient of 40^% Me^ 

min) yielded 121 mg (67%)of 9 as its tri TFA salt: 'H NMR (CD3OD) 6 7.55 (m, 
2H), 7.30 (m. 2H), 4.53-2.52 (complex multiplet, 25H), 2.42 (2t. 4H), 1.97 
0>entet, 2H), 1.70-1.40 (4s, 36H); ESI-MS 848.4 (M+H), 870.4 (M+Na). 

^- Frotected DOTA chelate 10 ce\^ To a solution of acid 9 
(45.2 mg 38 ^mol) inDMF (3 mL) was added BOP (18.5 mg 41.8 jimol) 
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followed by diisopropylethylamine (99 jiL; 570 jimol). The solution was stiired, 
under aigon, at room tenq>erature for 30 min then iminobis(metfiy]phosphQnic 
acid) (8.6 mg; 41 .8 (imoQ was added. Progress of the reaction was monitixed by 
HPLC. After 7 boms the solutim was concentrated to give 107.4 mg of crude 
5 material, which was purified by preparative HPLC on a C-18 reversed phase 
column eluting with HjO/MeCN containing 0.1% TFA (using a gradient of 
40-64% H2O over 30 min). This yielded 23.2 mg (44%) of 10 as its tri TFA salt: 
ESI-MS 518.3 ([M+2H]/2), 1035.3 (M+H), 1057.3 (M+Na). 

10 Examples. {3-[4-(3,3-Bis-phosphono-propionylamino>benzyl]-4,7,10-tris- 
carboxymethyl-l,4,7,10-tetraaza-cyclododec-l-yl}.acetic acid (16, Figure 6). 

to a solution of compound 15 (132 mg; 124 (imol, Figure 6) in 
CB2CI2 (4 mL) was added trimeifaylsilyl bromide (1 .25 mL). TTie mixture was 

15 stined, under mtrogen, overnight Water (1 mL) was added and stirring 

continued for 30 minutes. Concentration yielded 229 mg of erode material which 
was purified by preparative HPLC on a C-18 reversed phase column eluting with 
HjCWMeCN containing 0.1% TFA (using a gradient of 0%-8% MeCN over 30 
min). This yielded 49.7 mg (38%) of 16 as its tri trifluoroacctic acid salt: 'H 

20 NMR (D,0) 6 7.31 (d, 2H), 7.16 (d, 2H). 439-2.40 (complex muWplet, 28H); 
ESI-MS 726.2 (M+H). 

The intemediate conqwund 15 was prepared as foUov^ 

2^ t-Butv! ester 13 rFigure 6. see Ebetino. PR, et al.. HetPrnrvrU, 

^ft 855-862). To a sluny of KH (160 mg; 4.0 mmol) in mineial oil, under 
argon, was added anhydrous toluene (4 mL). The mixture was stirred for 
approximately 30 seconds then the solvents removed via syringe. This process 
was repeated. Additional tohiene (4 mL) was added and Ae solution cooled in 

JO ice. A solution of tetraethyl methyIenediphospl«t>nate (0.75 ml^ 3.0 mmol) in 
anhydrous toluene (8 mL) was added dropwise over 5 minutes. The ice bath was 
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removed and the solution allowed to warm to it. After 2 hours t-butyl 
bromoacetate (0.44 mL; 3.0 mL) was added dropwise. The sohition was then 
heated to 80-85*C for 2 hours then cooled to room temperature and quenched 
the dropwise addition of MeOH (1 mL): Concentration followed by dissolution 
in CHjClj (20 mL) and filtration (to remove insoluble KBr) then further " 
concentration yielded 1.109 g (92%) of t-butyl ester 13. This material was of 
sufiicient purity to be used in subsequent experiments: 'HNMR (CDCi^ 6 4.18 
(pente^H). 3.21 (br s, IH), 2.75 (dd. 2H), 1.45 (s. 9H), 1.31 (t, 12H); ESI-MS 
425.0 (M+Na), 440.9 (M+K). 



via 



b. Acid 14 (Figure 6). A sohition of t-butyl ester 13 (555 mg; 1.4 
mmol) in TEA (10 mL) was stirred at room temperature under nitrogen for 6 
hours then concentrated A quantitative yield was assumed and the material used 
immediately in the subsequent step: 'H NMR (CDCI3) 6 4.19 (pentet, 8H). 3.15 
15 (mlH), 2.88 (dt.2H), 1.37 (t,12H). 

^- Protected DOTA chelate IS fFlp.m. To a sohition of acid 14 
(83.1 ms 240 |imol) and amine 3 (147 mg; 200 nmol) in DMF (3 mL) was 
added BOP (106 mg; 240 pmol) followed by diisopropylethyl amine (350 nL; 

20 2.0 mmoO. The solution was stirred, under nitrogen, at rt overnight then 

concentrated. The crude material was purified by flash chromatography (SiOj; 
0-7.5% MeOH/CHjClj) to give 132 mg (62%) of 15: R^= 0.46 (10% 
MeOH/CH,Cy ; 'H NMR (GDQ,) ft 7.53 (dd, 2H). 7.03 (dd. 2H). 4.1 5 (m, 8H). 
3.50-1.70 (complex muWplet, 28H) 1.45-1.35 (4s, 36H), 1.32 (m, 12H); ESI-MS 

25 1084.4 (M+Na). 
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Example 4. (4,7a0.Tris-<»rboxymethyI-3.{4-[4-(3^ydroxy-3,3^is- 
pliosphono-propylcaibamoyl>butyiyiamino]4)e!i^ 
cyclododec-l-yI).acetic add (19, Figure 7). 



5 



A solution of compound 18 (32.4 mg; 22.7 }unol) in TFA (5 mL) 
was stiired under nitrogen at room tenipa:ature overnight Concentration yielded 
36.4 mg of erode material. Purification by preparative HPLC on a C-18 reversed 
phase c^umn eluting with H,0/MeCN containing 0.1% TFA (using a gradient of 
0-16% MeCN over 30 min) yielded 18.6 mg (69%) of 19 as its tri TFA salt: >H 
10 NMR (D,0) 6 7.43 (m, 2H). 7.28 (m, 2H). 4.27-2.35 (complex multiplet, 361^; 
ESI-MS 533.8 ([M+H+Na]/2), 1042.3 (M+H), 1066.2 (M+Na). 

The intennediate compound 18 was prepared as follows. 



15 



Compound 18 fFipnr«'7). To a solution of acid 9 (59.9 ms 50.3 
mol) in DMF (3 mL) was added BOP (26.7 mg; 60.4 jimol) followed by DIEA 
(87.7 ^L; 503 pmol). The mixture was stirred for 1 0 minutes then a solution of 
the amino diphosphonate 17 (64.7 mg; 251.6 |imol) in H^O (2 mL) was added 
followed by additional DIEA (35 ^L). Progress of the reaction was monitored by 

20 HPLC. After 16 hours the solution was filtered and die filter cake rinsed with 
DMF (5 mL). Concentration of die modier Uquor yielded 143 mg of crude 

_ material which was purified by prq)arative HPLC on a C-18 reversed phase 
column eluting with H,0/MeCN containing 0. 1% TFA (using a gradient of 
40-64% MeCN over 30 min) to provide 32.4 mg (45%) of compound 18 as its tri 

25 TFAsalt:'HNMR(CD,OD)67.56(brs.2H).7.30(brs.2H),4.55-1.73 

(complex multiplet, 35H), 1.65-1.38 (45, 36H); ESI-MS 1065.3 (M+H), 1087 3 
(M+Na). 
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Examples. {3-[4K3-(2-(Bis-phoq)hoiKmiethyi-amino>acely^ 
phosphonomethyl-amiiK>>acetyl^ 

4.7.10.trisHaiboxymcthyl.l A7,10.tetraaza-^^ acid (24, 

Figure 8). 

5 

To a solution of compound 23 (25.9 mg; 12.2 \aaot) in 
CH^a, (3 mL) under nitrogen was added TMSBr (0.5 mL). The solution was 
stiired mremight then cooled in an ice bath. H^O (3 mL) was added and stining 
continued for 30 minutes. Concentration yielded 23.9 mg of cnide product 

10 PurificationbypreparativeHPLConaC-lSreversedphasecohmmelulingwith 
H,0/MeCN containing 0.1% TPA (using a gradient of 0-8% MeCN over 30 min) 
yielded 8.7 mg (43%) of 24 as its penta TFA salt: »H NMR (D^O) d 7.37 (d. 2H), 
7,17 (d, 2H), 4.47-2.48 (complex multiple!, 27H), 2.40 (t, 2H). 2.28 (t, 2H), 2.15 
(m, 2H), 1.93 (m, 2H); ESI-MS 841.4 (M+H), 879.2 (M+K) 

15 

The intemiediate compound 23 was prepared as follows. 

^ Tcttaphosnhonatnmethvli^^^l PfH TT^ ) To a solution of 
bisamine 20 (5U mg; 0.25 mmol) and acid 6 (218 mg; 0.53 mmol) in anhydrous 
20 DMF (4 mL) was added BOP (234 mg 0.53 mmol) foUowed by DIEA (0.65 mL; 

3.75 mmol). The mixture was stirred, under nitrogen, at room temperature 
overnight, then concentrated to give 635 mg of crude material. Purification by 
flash chromatography (SiO,; 0-10% MeOH/CH,Cl, containing 0. 1% EtjN) 
yielded 428 mg (>100%) of 21 whidi still contained some HMPA impurity. This 
25 material was used in subwquent steps wiflwut further purification: 

(10%MeOH/CHA + 0.1%Et3N); 'HNMR(CDCU67.71 (t,2NH),4.12 
(pentet. 16H), 3.78-3.40 (m, 4H), 3.69 (s, 3H), 3 JO (s, 2HX 3.22 (m, 8H). 2.92 
(m. m 1.32 (t, 24H); ESI-MS 847.0 (M+H), 869.2 (M+Na). 

^' Teftaphosphonatecarf>ovv1{r..ft»r>^^ ,»p,^ft^ To i .,[„(ii„, uf 

mefliylester21(153.9mg;167pmol)inMeOH(3mL)andwater(3mL)was 
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added IN-NaOH (1 mL). The mixture was stirred ovoni^t tfien concentrated 
and the crude residue dissolved in HjO (S mL). The aqueous solution was 
acidified to pH~2 with IN-HCl (1 mL) then concentrated. MeCN (5 mL) was 
added to the residue and the insoluble NaCl removed by filtration. 
5 Concratration of the mother liquor yielded 101 mg (67% for 2 steps) of acid 22 
which was of sufBcioit purity to be used in subsequent expoiments: 'H NMR 
(CDCI3) d 7.78 (t, 2NH), 4.11 (muWplet. 16H). 3.80-3.35 (m, 8H). 3.48 (s. 4H), 
3.17 (dr8H). 2.83 (m, IH), 1 Jl (t, 24H); ESI-MS 833.0 (M+H), 855.2 (M+Na). 

^0 c- Compound 23 (Figure 81 To a solution of amine 3 (82 mg; 1 12 

limol) and acid 22 (101.3 mg; 1 12 funol) in anhydrous DMF (3 mL) was added 
BOP (49.5 mg; 1 12 ^mol) followed by DIEA (293 jiL; 1.68 mmol). The mixture 
was stirred, under nitrogen, at room tenq)erature ovemi^t flien concoitrated to 
give 323 mg of crude material. Purification by flash chromatography (SiO,; 

15 0-10% MeOH/CHjCl, containing 0. 1% EtjN) yielded 64 mg of 23 which was 
fiirther purified by preparative HPLC on a C-18 reversed phase column, eluting 
with HjO/MeCN containing 0.1% TEA (using a gradient of 40-64% MeCN over 
30 min) to yield 25.9 mg (1 1%) of 23 as its penta TFA salt: R,= 0.1 1 (10% 
MeOH/CHjCl,+ 0.2% EtjN); 'H NMR (CDQj) 6 7.47 (d, 2H). 7.13 (d, 2H), 
20 4.1 1 (pentet, 16H), 4.00-2.28 (complex multiplet, 38H), 3.48 (s. 4H), 1.59-1.42 
(4s. 36H), 1.35 (t, 24H); ESI-MS 774.9 ([M+2H]/2). 1548.5 (M+H). 1570.6 
(M+Na). 
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Example 6. [3-(4-{3'{3,3-Bis-phoq}hQno-pr(9ionylainuio)-2-[(33-bis- 
plK)9liQno-propionylaimno>m^^]-propionylamino}-beiiz^ 
caiix>xym;Bthyl-l A7,10tetraaza-«yclododec-l-yl]-acet^ acid (28, Figure 9). 

5 To a solution of compound 27 (64 mg; 43.0 nmol) in CHjCl, (4 

mL) under nitrogen was added TMSBr (0.5 mL). The solution was sdned 
overnight then cooled in an ice bath. Hfi (1 mL) was added and stiiring 
continued for 30 minutes. Concentration yielded 78.6 mg of crude product. 
Purification by preparative HPLC on a C-18 reversed phase column eluting with 
10 HjO/MeCN containing 0.1% TFA (using a gradient of 0-20% MeCN over 30 
min) yielded 26.5 mg (45%) of compound 28 as its hi TFA salt: 'H NMR (DjO) 
6 7.43 (m, 2H)i 7.28 (m, 2H), 4.27-2.35 (complex muWplet, 36H); ESI-MS: 
533.8 ([M+H+Na]/2), 1042.3 (M+H), 1066.2 (M+Na). 

^5 Tlie intermediate compound 27 was prepared as follows. 

^ Tetraphosohonate methvl ester 25 ffipure <)) To a solution of 
bisamine 20 (5 1.3 mg; 250 pmol) and acid 14 (190.4 mg; 550 |unol) in 
anhydrous DMF (4 mL) was added BOP (243 mg; 550 pmol) followed by DDEA 

20 (871 mL; 5 mniol). The mixture was stirred, under nitrogen, at room temperature 
overnight, then concentrated. The residue was dissohred in CHjClj (20 mL) and 
washed with lN-HCl(2x 10 mLXH^O (10 mL) and satiirated aqueous NaHCOj 
solution (10 mL). Drying (MgSOJ and concentration yielded 224 mg of crude 
material Purification by flash chromatography (SiOj; 0-10% MeOH/CHjClj) 

25 yielded 96.4 mg (49y^4>f 25: R,= 0.32 (10% MeOH/CH^CIj); "H NMR (CDClj) 
6 7.53 (t, 2NH), 4.09 (m, 16H), 3.68 (m, 2H), 3.62 (s, 3H). 3.45-3.09 (m. 4H). 
2.98 (m, IH), 2.65 (dt, 4H), 1.26 (t, 24H); ESI-MS 789.0 (M+H), 81 1.2 (M+Na). 
827.1 (M+K). 



30 



Tetraphosohonate caAoxvl ic agM 26 rPip iirft Q) To a solution of 
methyl ester 25 (95 mg; 1 20 pmol) m MeOH (2 mL) and H,0 (1 mL) was added 
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IN-NaOH (150 jiL). The solution was stiired at room temperature overnight then 
concentrated. The residue was dissolved in HjO (5 mL) then acidified to pH~2 
with IN-HCl (150 jiL). The aqueous solution was extracted wifli 3:1 CHjCl,: 
•PrOH (3x 5 mL) and the combined organics dried (N^^O^i and concentrated to 
5 give 88.1 mg (95%) of 26, which was of sufficient purity to be used in 
subsequent steps: 'HNWR(CD30D)68.19(t,2NH),4.18(pentet, 16H), 
3.63-3.1 1 (m. 6H), 2.81 (m. IH), 2.72 (dt. 4H), 1.33 (t, 24H); ESI-MS 775.0 
(M+H^97.2(M+Na). 

^® ^- Compound 27 fFi>iiT«Q) To a sohition of amine 3 (83 mg 1 14 

^mol) and acid 26 (88 mg; 1 14 jimol) in anhydrous DMF (3 mL) was added 
BOP(50mg; 114 |imol)foUowed by DIEA (200 jiL; 0.57 mmol). The mixture 
was stirred, under nitrogen, at room temperature overnight, then concentrated to 
give 259 mg of crude material. Purification by flash chromatography (SiOj; 

15 0-10% MeOH/CHjClj) yielded 128.3 mg (79%) of 27: TLC J?,= 0.38 (10% 
MeOH/CHjCy; 'H NMR (CDCl,) 6 7.54 (d. 2H), 7.15 (dd, 2H), 4.14 (m, 16H). 
3.65-1.70 (complex muWplet. 36H), 1.50-1.38 (4s, 36H), 1.33 (t, 24H); ESI-MS 
746.0 aM+2H]/2), 756.9 ([M+H+Na]/2). 768.0 ([M+2Na]/2), 1490.4 (M+H), 
1512.5 (M+Na). 

^® All publications, patents, and patent documents are incoiporated 

by reference herein, as though individually incoiporated by reference. The 
invention has been described with reference to various specific and prefeiied 
embodiments and techniques. However, it should be undeistood that many 
variations and modifications may be made while remaining within the spirit and 

25 scq>e of the invention.-. 
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CLAIMS 

What is claimed is: 

1. A complex comprising: 
5 a) conqwimd of foimula (I): 



^N-(CH2)„ 



0) 



whorein: 

each R, is independently hydrogen or (C.-CJalkyl, optionally 
substituted with carfoox>^ 

eachXisindq)endentIy(CH2);,or 




and eadi n is independently 2, 3, or 4; 

wherein the compound of fomiula I is substituted on one or more 
15 carbons other than a caifeon of R, with one or more groups -YCPO^H^.; wherein 
Y is a linker group; and m is 1 , 2, 3, 4, 5, or 6; or a phannaceuticaUy acceptable 
salt thereof; and 

b) a detectable or therapeutic radionuclide. 



20 
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2. The complex of claim 1 whoein each R, is independently (C,-C4)alkyi, 
substituted with caiboxy. 

3. The complex of claim 1 wherein each R, is caiboxymethyl or 2- 
5 caiboxyethyl. 

4. The complex of claim 1 wherein each R, is caiboxymethyl. 

5. The complex of claim 1 wherein each n is independentiy 2 or 3 

10 

6. The complex of claim 1 wh«a«in each n is 2. 

7. The complex of claim 1 wherein the linker gioupY is about 5 angstroms 
to about 100 angstroms in length. 

15 

8. The complex of claim 1 wherein the linker group Y is about 
10 angstroms to about 50 angstroms in length. 

9. The complex of claim 1 wherein the compound of fomiula I is 

20 s«bstitutedonacaibonotherthanacarbonofR,withoneortwo groups- 
YCPOjHj)^ wherein m is 1, 2. 3, 4, 5, or 6. 

10. Thecomplexofclaimlwhereinthelinkergroiq,Yisanaminoacid.a 
peptide a saccharide, or a divalent (C,<:,^1 chain, optionaUy comprising 

25 one or more noni>eroxHle oxy (<>.), .N(R^, or divalent aryl within the chain or 
at the temiinus of the chain, whidi chain is optionally substituted on carbon with 
one or more oxo (=0). thioxo (=S). or hydroxy, wherein R, is hydrog«, or (C.- 
CJalkyl. ' 



30 11. ThecomplcxofclaimlOwhereinthefinlsergroiq)Y 



IS an amino acid. 
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12. The complex ofa&jfell)^S§Sn the amino add is mm-lipophilic. 

13. The complex of claim 10 wherein the linker group Y is a saccharide. 

5 14. The complex of claim 13 wherein the saccharide is a monosaccharide, 
disaccharide, or trisaccharide. 

15. *The complex of claim 13 wherein the saccharide is a polysaccharide. 

10 16. The complex of claim 10 wherein the linker Y is apeptide. 

17. The complex of chum 16 wherein the peptide comprises 2 to 25 amino 
acid residues. 

15 18. The complex of claim 17 wherein the amino acid residues are non- 
lipophilic. 

19. The complex of claun 10 wherein the linker group Y is a divalent (C,- 
C,o)alkyI cham, optionally comprising one or more non-peroxide oxy (-0-), - 

20 N(Rj)., or divalent aryl within the chain or at the terminus ofthe chain, which 
chain is optionally substituted on caibon with one or more oxo (=0). thioxo 
(=S), or hydroxy, wherdn Rj is hydrogen or (C,-C4)alkyl. 

20. The complex of claim 10 wherein the linker group Y is a divalent (C, 
25 C,o)aIkyl chain, comprising one or more non-peroxide oxy (-0-), -N(R>, 

divalent aiyl within tiie chain or at the tenninus of tiie chain, which chain is 
optionally substituted on carbon with one or more oxo (=0). thioxo (=S), 
hydroxy, wherein Rj is hydrogen or (C,-C4)alkyl. 



or 



or 



30 21. The complex of claim 10 wherein thelinker group Y is a divalent (C,- 
C,o)aIkyl chain, optionally comprising one or more noni>eroxide oxy (-0.), - 
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N(Rj)-, or divalent aiyl within the chain or at the tenninus of the chain, which 
chain is substituted on carbon with one or more oxo (=0), tfaioxo (=S), or 
hydroxy, wherein Rj is hydrogen or (Ci-CJalk^. 

22. The complex of claim 10 wherein the linker group Y is a divalent (C,- 
C,o)alkyl chain comprising one or more non-peroxide oxy (-0-), -N(RJ-, or 
divalent aiyi within Oe chain or at the terminus of the diain. which chain is 
substituted on carbon wifli one or more oxo (=0), thioxo (=S), or hydroxy, 
whraein is hydrogen or (C,-C4)alkyl. 



23. nie complex of claim 1 wherein each -Y(POjHj)„ is independently 4-[2- 
(Bis-phoq»honoinethyl-anMno>acetylamino]-benzyl;4-(4-(Bis- 
phosphonomethyl<aibamo)4).butyiy!amino]-benzyl; 4-(33-Bis^phosphono- 
propionylaminoH)en2yl;4^[4K3.hydroxy.3,3-bis-phosphono-piopylcarb^^^ 
15 butyiylaminoj-benzyl; 4-(3-[2-(Bis-phosphonomethyl-amino>acetylamino]-2- 
{[2-{bis.phoq>honomethyl-amino)-acetjdamino]-methyl}-propionylamiBO>- 
benzyI;4-(4-{Bis.((bis-phosphonomethyl-caibamoyl>methyl].caibamoyl}- 
butyryiamino)-benzyl; 4.{3-{3.3-Bis-phosphono.propionylamino)-2-[(3,3-bis- 
phosphon(>l)ropionyIamino>methyl^(ip^opionyiamino}-benzyl;4K4-{Bis-K^ 

20 hydroxy-33-bis-phosphono-pn>pylcarbamoyl>methyl]-caibamoyI}- 
butyiyiamino>benzyI;4-{4-[(Bis-phosphono-methyl>carbamoyl]- 

. butyiylamino}-benzyl; or 4-(4-(Bis-{[(bis^hosphono-meUiyl>carbamoyl]- 
methyl}-carbamoyl>butyiylamino]-benzyl. 
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24. The complex of claim 1 whaein the conqwund of fonnula I is a 
compound of fommla (JO): 

\ 

N-(CH2X, 

;cHj)„ 



.N 



\ 



(D) 



whoein: 



5 each R, is independently hydrogen or (C,-C4)alkyl, optionally 

substituted with caifooxy (COOH); and each n is independently 2, 3, or 4; 
wherein the compound of fomula (D) is substituted on one or more carbons 
other than a carbon of R, with one or more groups -Y(pOyH^„; wherein Y is a 
linker groiq»; and m is 1, 2, 3. 4, 5, or 6; or a pharmaceutically acceptable salt 
10 thereof 



25. The complex of claim 24 wherein each R, is independently (Cj-CJalkyl, 
substituted witii carboxy. 

1 5 26. The complex of chmn 24 wherein each R, is carboxym^yl. 

27. Itie complex ofckum 24 whodn the con^undofformula His 
substituted on a carbon.ptfier than a carbon of R, with one or two groups - 
Y(PO,Hj)„. 

20 

28. The amplex. of claim 24 whonein the compound of formula II is 
substituted on carbon widi one group -Y(P0jH2Xn. 
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29. - The complex ofclaim 24 whorein die linker g[otq>Y is an anunoadd^ 
peptide, a saccharide, or a divalent (C,-C,Q)a]l^ chain, (^onally conq[}rising 
one or more non-peroxide oxy (-0-), -N(Rj>, or divalent aiyl wi&in the chain or 
at the terminus of the chain, which chain is optionally substituted on caifoon with 

5 one or more oxo (=0), thioxo (=S), or hydroxy, wherein Rj is hydrogen or (C,- 
CJalkyl. 

30. 'The coiiq)lex of chiim 24 wherein the linker group Y is a divalent (C,- 
C,o)alk5d chain, optionally comprising one or more non-peroxide oxy (-0-), - 

10 N(R^, or divalent aiyl within the chain or at the terminus of the chain, which 
chain is (^tionally substituted cm cartwn with one or m<»e oxo (=0), diioxo 
(=S), or hydroxy, wherein is hydrogen or (Ci-CJalkyl. 

31. The conqilex of claim 24 wherein each -Y(POyH^^ is independently 4- 
15 [2-(Bis-pho^honomediyl-amino)-acet^amino]-benzyl; 4-[4-(Bis- 

phosphonomethyl-caibamoyI)-butyiylamino]-benzyl;4-(33-Bis-pho^hono- 
pn)pionyianuno)-benzy!;4-[4-<3-hydroxy-3,3-bis-phosphoiio-pio^ 
butyiylamino]-benzyI; 4-<3-[2-(Bis-phosphonomethyI-amino)-acetyIamino]-2- 
{[2Kbis-phosphonomethyl-amino)-acetylaniino]-methyl}-propionylamino> 

20 benzyl; 4-(4-{Bis-[(bis-pho^honomethyl-caibamoyl)-methy]]-carbamoyi}- 
butyrylamino)-benzyi;4-{3-<3,3-Bis-phosphono.propionylamino)-2-[(33-bis- 
phoq)hono^n)pion]toino>methyl]-[propionylamino}-beuz^;4-(4-{Bis-[(3- 
hydroxy-3,3-bis^hoi9hono-pr(9)1caibamoyl)-meth^]-caibamo^}> 
but3nrylaminoH)enzyl;4-{4-[(Bis-phosphono-nie&y!>caib^ 

25 butyiylamino}-benzyl;,or4-[4-(Bis-{[(bis-phosphono-mediyl)-caibamoyl]- 
methyl}-carbamo^>butyiylamino]-benzyl. 
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32. The complex of claim 1 wherem the compound of fonnula I is a 
ciHnpouiid of fonnula HI: 

L-N N— J 

m 

whereim 

each R, is independently hydrogen or (C.-CJalkyl, optionally 
5 substituted with carboxy (COOH); and wherein the compound of formula m is 
substituted on one or more carbons other than a carbon of R, with one or more 
groups -YCPOjH,).; wherein Y is a linker group; and m is U 2. 3, 4, 5. or 6; or a 
phannaceuticaliy accq>table salt thaeol 

10 33. The complex of claim 32 wherein each R, is independenUy (C,-C4)alkyl. 
substituted with carboxy. 

34. The complex of claim 32 wherein each R, is carboxymethyL 

15 35. The complex ofclaim 32 wherein the compound offormula in is 
substituted with one or two groups -YdPOJti^. 

36. The complex of claim 32 wherein the conqMund offormula DI is 
substituted with one group -Y(P0,H2)u. 

20 

37. The complex of claim 32 wherein the linker group Y is an amino acid, a 
peptide, a saccharide, or a divalent (C.-Cj^l chain, optionally comprising 
one or more non-peroxide oxy (.0-). .N(RJ-. or divalent aryl within the chain or 
at the terminus of the chain, which chain is optionally substituted on carbon wifli 

25 one or more oxo (=0). thioxo (=S). or hydioxyj^vherein R, is hydrogen or (C,- 
C4)alkyl. 
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10 



20 



38. TTie complex of claiin 32 whaein the linker group Y is a divalent (C - 
CJalkyl chain, optionally comprising one or more non-peroxide oxy (-0-), - 
N(Rd)-, or divalent aiyl within the chain or at the terminus of the chain, which 
chain is optionally substituted on carbon with one or more oxo (=6), thioxo 

5 (=S), or hydroxy, wherein Rj is hydrogen or (C,-C4)alkyl. 

39. The complex ofclaim 32 wherem each -YCPOaHj)^ is indcpcndenUy 4- 
[2-(Bis-fhoq)honomethyl-amino>acelylamino]-benzyl;4-[4-(Bis- 
phosphonomethylHarbamoyl>butyrylamino]-benzyl; 4^3,3-Bis-phosphono- 

prOpionyiamino).benzyl;4.[4K3-hydroxy-3,3-bis.pho^hono.propylcaibamoyl). 
butyryiaminoj-benzyl; 4-(3-[2-(Bisi)hosphonomelhyl.amino>acelylamino)-2- 
{[2Kbis.phosphonomethyi-amino>acetylamino]-methyl}-piopionylamino^ 
benzyl; 4-(4-{Bis-[(bis-phoj?)honomethyi-caibamoyl)-methyl]Kaibamoyl}. 
bulyiylamino).ben2yl;4-{3K3>Bis-phosphono.propionylamino>2-[(33.bis- 
15 Phosphono-propionylamino)-methyl]-[propionylamino}-benzyl; 4-<4-{Bis-[(3- 
hydroxy-3,3-bis-phosphono-propylcarbanioyl>methyl]-carbanio^}- 
butyiylamino>ben2yl; 4-{4.[(Bis-phosphono-raethyl)^aibamoyll. 
butyiylamino}-benzyl; or4-[4KBis-{[(bis.pho!5)hono-meAyI>caibamoyl]. 
methyl}.caibamoyl>butyrylamino]-benzyl. 



40. The complex of claim 32 wherein each R, is indepoidently (C,-C4)alkyl, 
substituted with carboxy (COOH); and wherein the ring is substituted on carbon 
with a group -YCPOjH^.; or a phannaceutically accq>table salt thereof. 
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41 . The complex of claim 1 whoein the conqwund of fcnmula I is a 
OHi^ouiKi of fimnula IV: 




5 wherein: 

each R, is independently hydrogen or (C,-C4)alkyl, optionally 
substituted with carboxy (COOH); and each n is independently 2, 3, or 4; 
wherein the compound of fonnula IV is substituted on one or more carbons other 
than a carbon of R, with one or more groups -YCPOjHj),; wherein Y is a Unker 
10 group; and m is 1, 2, 3, 4, 5, or 6; or a phannaceutically acceptable salt thereof 

42. The complex of claim 41 wherein each R, is independently (C.-CJalkyl, 
substituted with carboxy. 

_.15 43. The complex of clidm 41 wherein each R, is caiboxymethyl. 

44. The complex of claim 41 wherein the compound of foimula IV is 
substituted with one orJwo groups -Y(PO^j)n. 

20 45. The complex of claim 41 wherein the compound of fonnula IV is 
substituted with one group -YCPOjHj),,. 

46. The complex of claim 41 wherem the Hricer group Y is an amino acid, a 
peptide, a saccharide, or a divalent (C,-C,„)alkyl chain, optionally comp 
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one or more non-peroxide oxy (-0-), -N(Rj)-, or divalent aiyl within the chain or 
at the tenninus of the chain, which chain is optionally substituted on carbon with 
one or more oxo (=0), Aioxo (=S), or hydroxy, wherein is hydrogen or (C,- 
CJalkyl. 

5 

47. The CQny>lex of claim 41 wherein the linker group Y is a divalent (C,- 
C,a)alky! chain, optionally conq^ing one or more non-peroxide oxy (-0-), - 
N(Rj)-,'^r divalent aryl within the chain or at the terminus of the chain, which 
chain is optionally substituted on carbon with one or more oxo (=0), thioxo 

10 (=S), or hydroxy, wherein is hydrogoi or (C,-C4)alkyi. 

48. nie conq>]ex of claim 41 wherein each -YCPOjHj)^ is independently 4- 
[2-(Bis-phosphonomediyl-amino>acet>damino]-benz)d; 4-[4-(Bis- 
pho!?)honomethyi-caibamoylHutyrylamino]-benz>1;4-(3,3-Bis-phosphono- 

15 Pn>pionylamino>benzyl;4-[4.(3.hydroxy-3>bis-phosphona-propyicarbamoyl> 
butyrylamino^benzyl;4-(3-[2-(Bis-pho^honomethyl-amino>acetylamino]-2- 
{[2-(bis-phosphonomediyl.amino>acetyiamino]-methyl}-propionyIamino> 
benzyl; 4-(4-{Bis.[(bis-phosphonomethyl-carbamoyl>melhyl]-caibamoyl)- 
biityiylamino>benzyI;4-{3K33-Bis-phosphono-piopionylamino>2-[(3^ 

20 phoq)hono.propionyIamino)-methyl]-[propionylamino}.benzyl; 4K4-{Bis.K3- 

hydroxy.3,3-bis-phosphono-pr()pylcarbamoyl)-methyl]-carbamoyl>- 

butyrylamino)-benzyl;4-{4-[(Bis-phosphono-methyl>carbamoyl]- 

butyryiammol-benzyl; or 4-[4-(Bis-{[(bis-phosphono-methyl)-carbamo^^^ 
methyl}-carbamoyl).butyrylamino]-benzyl. 

15 

49. The complex of claim 1 wherein the compound of formula I is 

(6-{4-I2-{Bis^hosphonomethyl-arnino>acetylamino]-benzyl}-4,7,10.tris- 
carboxymelhyl-l,4.7,10-tetniaza^lododec-l-yl>acetic acid; 

(6-{4-(4-(Bis-phosphonomelhyl-carbamoyl).butyrylamino]-benzyl}w»j,io.tris- 
0 carboxymethyl-l ,4,7,10-tetraa2a-cyclododeo-l^>acetic acid; 
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{3^4<<3^-Bis-pli(>sphoiio-propionylaimno>benzylHJ>10-t^^ 
1 A7>10-tet]:aaza-<^lododec-l-yl}-acetic acid; 

(4J40-Tris-caitox)methylO-{4-[4K3-hydroxy-^ 

caibamoyl>butyiylammo3-beii2y!}-iA7,10-tetraaza-K;yclododec-^ 
5 acid; 

{3-[4-(3>[2<<Bis-phosphonomethyl-amino>acetylamino]-2-{[2-(bis- 

phosphonomethyl-ainino>acetylamino]-metfayl}-propionylaiiuTO 

4,7J0-feas<aiboxymethyl-l,4,7.1 Otetraaza-cyclododec-l-yl} -acetic acid; 

{6-[4-(4-{Bis-[(bis-phosphonome%l-carbamoyl)-methyl]-carbamoyl}- 

10 butyrylamino>beiuyl]-4,7aO-tris<aiboxymethyl-lA7,10tetraaza^ 
)d} -acetic acid; 

[3-{4-{3-(33-Bis-pliospliono-propionylaiiiino>2-[(33-bis-pho8phono- 
propionylamino).mcthyl3-piDpionylamino}-beiizyiH,740-t^^ 
I A7, 1 Otetraazarcyclododec- 1 -yl]-acetic acid; 
15 {6-[4.(4-{Bis-[{3-hydroxy.3,3-bis-phosphono-propylcarbamoyl>methyl]- 
carbamoyl)-butyrylainiiK))-ben2yi]-4jaO-tris-caiboxymetf^^ 
cycIododec-l-yl}-acetic acid; 

[6-(4-{4-[(Bis-phoq)IioiK)-methyi)-caibainoyl]-butyiyIaim 

trisMari)oxymelhyl-l,4,7.10tetraazarcyclododec.l-yi]-acetic acid; or 

20 (6-{4.[4[(Bis.{[(bis-phosphono.metii)d)-caitamoyl]-me%l}.carbamoyl> 

butyrylamino]-benzylH,7,10-tris-caiboxyinethyl.lA7,10tet^ 
l-yl)-ac^c acid. 

50. The complex of claim 1 whidi comprises a detectable radionuclide. 

25 

51. The complex of claim 50 wherein the detectable radionuclide is 
Technetium-99m, Ruthenium-97, Indium-Ill, Gallium-67 or ^8. orLead.203. 

52. The complex of claim 1 which comprises a ther^tic radionuclide. 
30 _ 
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53. The complex of claim 52 wherem the then^ieiiticndioim 
Hohiuum-166, Yttrium-90, Samarium-153, or Gadolimum-159. 

54. The complex of claim 52 wherein the therapeutic radionuclide is 
5 Hohnium-166. 



55. A method for detecting the presence or absence of a calcified tissue target 
site within a mammal, comprising: 

administering to the mammal a detectable dose of a complex of 

10 claim 50; and 

detecting the compound in the mammal to determine the presence 
or absence of the target site. 

56. A therapeutic method for suppressing bone marrow in a mammal in need 
15 of such therapy comprising administering to the mammal, an effective bone 

marrow suppressing amount of a complex of claim 52. 

57. A therapeutic method for treating cancer in a mammal in need of such 
therapy comprismg administering to the mammal, an effective amount of a 

20 complex of claim 52. 

58. A dierapeutic method for treating bone pain in a mammal in need of such 
therapy comprising administering to the mammal, an eflfcctive amount of a 
complex of claim 52. 



25 



59. A therapeutic method for treating a bone related disease in a mammal 
need of such therapy comprising administering to the mammal, an effective 
amount of a c(»npjac of claim 52. 



in 



> an 



30 60. The method ofclaim 59 wherein the bo^ related disease is i 

immunological disorder, a metabolic disease, an infection, an infectious disease, 
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an inflammatoiy disease, a hanatopoiedc disorder, or a condition treatable wifli 
stem cell transplantation, with or without gene thec^y, that utilize bone manow 
ablation. 

5 61. The method ofclaim 59 wherein tiie disease is Crohn's disease, 

rheumatoid arthritis, multiple sclerosis, osteoporosis, osteopenia, osteomyelitis, 
Paget's disease, sickle cell anonia, or a lysosomal or pooxisomal storage 
diseased 

10 62. A pharmaceutical composition comprising the complex of claim 1 and a 
pharmaceutically acceptable carrier. 

63. The complex as described in any one of claims 1-49 for use in medical 
tfaorapy or diagnosis. 

15 

64. The use of a complex of any one of claims 1-49 to prepare a medicament 
usefid for suj^wessing bone marrow in a mammal. 

65. The use of a complex of any one of claims M9 to prepare a medicament 
20 useful fin: treating cancer in a mammal. 

66. The use of a complex of any one of claims 1-49 to prepare a medicament 
useful for treating bone pain in a mammal . 

25 67. The use of a complex of any one of claims 1-49 to prepare a medicament 
useful for treating a bone related disease in a mammal. 
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